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A General Information Test for Kinder- 
garten Children’ 


Caturyn A. Prosst 


the study of child development, up 

to the present time but few re- 
search workers have concerned them- 
selves with the amount and types of 
knowledge possessed by the young 
child before he begins his elementary 
school education. Since the funda- 
mentals of general information are 
acquired early, and since later instruc- 
tion must be founded upon the store of 
knowledge previously gained by the 
child, some means of measuring his in- 
formational level is needed. 


I: SPITE of the growing interest in 


SURVEY OF PREVIOUS INVESTIGATIONS 


In 1891 Hall (1) published the 
results obtained by submitting 200 five 
and six year old children in the Boston 
schools to an information test which in- 
cluded 49 items, having to do with 
such matters as parts of the body, 
simple geometrical forms, home and 
family life, familiar objects, ete. The 
most outstanding finding of the study 
was the amazing ignorance of the 
children regarding many of the con- 


1 From the Institute of Child Welfare and 
College of Education, The University of 
Minnesota. 

2 The writer wishes to acknowledge her 
indebtedness to Dr. Florence L. Good- 
enough of the Institute of Child Welfare, 
University of Minnesota for advice and 
assistance throughout the progress of this 
study. 
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cepts with which they were assumed to 
be thoroughly acquainted. Sex differ- 
ences both in amount and kind of infor- 
mation were also found: the boys 
exceeded the girls in knowledge of 34 
of the 49 items, but the girls were 
superior to the boys in knowledge of 
parts of the body, home and family 
life and similar widely diffused con- 
cepts; while the boys excelled in knowl- 
edge of the sphere, cube, pyramid, 
numbers, animals and other more 
specialized matters less common to all 
environments. 


In addition to his own findings, Hall 
also reports those of several other 


writers. Lange found that in the city 
schools of Plauen only 43 per cent had 
seen the nearest castle. In color 
discrimination, black, white and red 
were better known colors than were 
green and blue, while yellow was the 
least familiar. Higher percentages 
were attained by the boys in identify- 
ing all of the seventeen subjects in- 
cluded in the test except that the girls 
rated higher in knowledge of the 
“dear God.” 

In a study made in Berlin upon 2,238 
children about to enter school, the girls 
were inferior to the boys in knowledge 
of three-fourths of the concepts em- 
bodied in the test. They showed 
greater familiarity with objects within 
their immediate environment while 
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the boys were better able to grasp more 
specialized concepts, a knowledge of 
which was likely to be gained through 
adventuring into more remote sur- 
roundings. Numbers were more read- 
ily understood by the boys, but the 
girls excelled in space concepts. 

Repeated tests over a five year 
period were given by Hartmann to 
1,312 children ranging in age from five 
and three-fourth to six and three- 
fourth years, in the Annaberg schools. 
The boys were found to excel in certain 
concepts referring to animals, minerals 
and social relations. However, the 
boys on the average were acquainted 
with only 36 of the objects considered, 
while the average score for the girls 
was 56. This finding is in apparent 
contradiction to results previously 
quoted, but it is explained by Hart- 
mann’s conclusion that while the girls 
excelled the boys at the beginning of 
their elementary education, this dis- 
crepancy became less and less until 
the sixth year, after which the boys 
took the lead. It should also be noted 
that Hartman’s questionnaire included 
a greater number of items dealing with 
the immediate environment of the 
child than did those used by Hall and 
Lange. 

Olson, whose study is reported in 
another book by G. Stanley Hall, 
“Aspects of Child Life and Educa- 
tion,’’ worked with 5,600 children, 
cataloguing their information on 100 
subjects. In this study the children 
were examined singly by different 
teachers rather than in small groups as 
were the subjects in the above men- 
tioned studies. While the girls evi- 
denced fewer clear ideas than the boys, 
they surpassed them in their grasp of 
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religion, funerals, affective ideas in 
general, and the seasons. 

Terman (2) in reporting the total 
score attained in an information test 
involving history, geography, the arts 
and sciences, calls attention to the con- 
sistent superiority of boys over girls 
throughout the entire range of chrono- 
logical ages, six to fourteen years, in- 
cluded in this study. Considering the 
scores on the test as a whole, the six 
year old boys identified ten more 
items than the girls did. The largest 
differences in favor of the boys were 
apparent in history and civics. In art 
information, language and literature 
the six year old girls scored practically 
as high as did the boys; but in geog- 
raphy the boys were slightly superior 
to the girls. 

The possibility that a difference in 
the nature of the items included may 
result in quite diverse conclusions 
makes any generalization regarding the 
various studies somewhat question- 
able. However, the weight of evi- 
dence appears toindicate that boys have 
a wider range of information than girls 
and that idiosyncrasies due to sex 
interests are present. The girls show 
themselves superior in comprehending 
the commoner elements in their en- 
vironments while the boys have more 
specialized concepts and fewer that are 
widely diffused. Moreover in the 
earlier studies as reported by Hall the 
conditions and methods employed were 
not as well controlled nor as uniform 
as it would have been possible to make 
them. The children were tested in 
small groups by teachers untrained in 
scientific procedure. Hall acknowl- 
edges that children were almost twice 
as likely to profess knowledge of a con- 
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cept when they were in classes as when 
they were being tested in groups of 
eight or ten children. 


NATURE OF THE PRESENT STUDY 


This is an attempt to evaluate by 
means of an improved technique the 
amount and type of general informa- 
tion that young children have at their 
command upon entering the elementary 
school. Only children in the second 
half year of kindergarten were used as 
subjects in the investigation. The 
range of chronological ages was from 
5 years 4 months to 6 years. 

An objective examination was com- 
posed and given under uniform condi- 
tions. While this test is obviously not 
sufficiently exhaustive to show the 
amount of information possessed by 
any child, it does show with consider- 
able accuracy how he compares with 
other children of his age in this respect. 
The greater number of items included 
have to do with objects fairly common 
in the environment of most urban 
children, or with those that form com- 
mon topics of conversation. 


DEVELOPMENT OF THE METHOD 


After several hundred questions had 
been formulated, a preliminary test 
was given to determine those questions 
best suited to the mental attainments 
of the children. The items themselves 
were collected during several weeks 
of daily observation of kindergarten 
classes to discover what the children 
were most likely to be acquainted with 
and talk about. In addition, a num- 
ber of questions were suggested by 
research workers in the field of child 
development. Questions of phrase- 
ology were decided empirically by 
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means of a survey made upon 15 chil- 
dren. A tentative form was tried out 
individually with 3 children ars neces- 
sary changes were made on the basis of 
the combined responses. The revised 
form was then tried with three other 
children, and the process repeated un- 
til a fifth revision which appeared to 
yield satisfactory results had been 
worked out. 

After deciding upon the questions to 
be included in the test, these in turn 
were divided into eleven categories: 
Local Points of Interest, Time and 
Number, Current Topics and History, 
Natural Phenomena, Literature and 
Music, Animals, Birds and Insects, 
Plants and Flowers, Occupations and 
Industries, Household Arts, Simple 
Mechanics, and Games and Amuse- 
ments. Two forms of supposedly 
equal difficulty were devised. Each 
form included 6 questions under each 
of the eleven divisions or categories, 
making a total of 132 questions. 

As will be seen from the question- 
naire which follows, both forms are as 
nearly equal as to content and diffi- 
culty as it was possible to make them. 
An attempt was made to grade the 
questions within each category with 
reference to difficulty as follows: 

1. A very easy question (roughly esti- 
mated to evoke 90 per cent or better 
correct answers). 

2. An easy question (75 per cent to 90 per 
cent). 

3-4. Two questions of average difficulty 
(25 per cent to 75 per cent). 

5. A difficult question (10 per cent to 25 
per cent). 


6. A very difficult question (less than 10 
per cent). 


A group of 100 children, fifty boys 
and fifty girls, was chosen from seven 
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different kindergartens on the basis 
of paternal occupation apportioned 
according to representation in the total 
population of Minneapolis. Table 1 
describes the numerical composition of 
the group in terms of an occupational 
classification based upon the Barr 
Scale for Occupational Intelligence and 
the Taussig Industrial Classification. 
A description of this revised classifica- 
tion has been published by Florence L. 
Goodenough. 
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of doubtful responses, further ques- 
tioning, such as, “Tell me what you 
mean.” or “Explain” or “What do you 
mean by that?” As a rule, the chil- 
dren were very codperative, regarding 
the examiner as one of the teachers 
and looking upon the procedure as a 
part of their school program. The 
writer did her best to cultivate a con- 
versational tone of voice and to ask the 
questions in a casual manner. 

When Form A of the test was given, 


TABLE 1 
Composition of the experimental group 





OCCUPATIONAL GROUP 


TOTAL 
NUMBER OF POPULATION 


BOYS 


NUMBER OF 
GIRLS 
ME NNEAPOLIS 





I. Professional 
II. Semi-professional and managerial 
III. Clerical and skilled trades 


IV. Semi-skilled trades and minor clerical... 


V. Slightly skilled 
VI. Unskilled labor 


per cent 
6.3 
37.3 
24.3 


14.9 
11.8 








Total boys 
Total girls 
Total for both sexes 




















EXPERIMENTAL CONDITIONS 


The writer administered both forms 
of the test always in the A-B order, 
within a time interval of 7 days. Each 
child was tested individually during 
regular school hours in a private class- 
room, where there was little or no 
chance for disturbance. The exam- 
iner always recorded the verbatim 
responses; and, although no time limit 
had been set the time consumed was 
noted to the nearest whole number of 
minutes. There was no excessive urg- 
ing nor additional help beyond the 
repetition of the question or, in cases 


three questions noted on the examina- 
tion sheet were used as an introductory 
exercise. These were not scored. If 
the child failed to respond to these 
questions the answers were supplied by 
the examiner. 


TYPES OF RESPONSE CREDITED 


Such questions as the number of 
wings a butterfly has, the time it is at 
midnight, the color of a crow, the num- 
ber of pennies in a dime, etc., obvi- 
ously, are easy to score and need no 
further comment. For the remainder 
a few general principles will indicate 
the nature of the credits allowed: 
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1. In items comparable to “What is 
Dayton’s?” “What is WCCO?” the 
specific responses of ‘“‘store” and “radio 
station” were not required but any 
reply showing knowledge of Dayton’s 
as a place where you buy things or any 
connection of WCCO with radio was 
credited. 

2. For items such as ““Who is Andy 
Gump, Lindbergh, Dempsey, Coogan, 
Hoover, Skeezix, Coolidge, Joesting 
and Smith,” any distinguishing charac- 
teristics were credited. For Lind- 
bergh, the association with airplanes or 
flying constituted an adequate answer. 

3. In such questions as ‘From what 
does leather come?” ‘Where does 
coal come from?”’ the origin had to be 
known. For the first of these, “cow” 
or any other animal from whose skin 
leather can be made was credited as 
well as “animals.” 

4. The items on carpenters and 
plumbers were credited as answered 
correctly if any activity that is ordi- 
narily associated with their occupations 
was given. 

5. Whenever the answer was ambig- 
uous, a further question asking for an 
explanation usually gave sufficient 
basis for deciding whether credit was 
to be allowed. 

6. The following is a list of items 
offering more possibilities of variation 
in response and for which there are 
necessary restrictions as to credit. 

What is the name of a lake in Minne- 
apolis? 

Any lake immediately surrounding 
Minneapolis but not necessarily within 
the city limits was credited. Minne- 
tonka, perhaps, its best known lake, 
was always accepted as a legitimate 
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reply, although it is near Minneapolis 
rather than in it. 

What is the Mississippi? 

River, only, was credited. 

Of what is snow made? 

Water, rain or water, rain, ice. 

What are the clouds made of? 

Rain, snow, smoke, water. 

On what part of the violin do you 
play? 

Strings, rubber bands, wires. 

How do you play a cornet (or a saxa- 
phone)? 

Blowing or playing with yourmouth 
was required. 

What does a cat scratch with? 

Paws, claws, nails on paws, scratch- 
ers on paws, nails on feet. 

What color is wheat when it is ripe? 

Yellow, golden, tan, golden brown, 
brown. 

What is butter made from? 

Milk and cream were both allowed. 

How are trees made into boards? 

Saw, saw-mill, saw-machine. 

Of what is ice made? 

Water, frozen water, rain. 


Types of incorrect response 


The variety and quality of the incor- 
rect responses provide the most inters 
esting and colorful phase of an analysi- 
such as this. One of the outstanding 
characteristics of the young child is his 
tendency to absorb the color of his sur- 
roundings and to manifest such an 
inclination by his ingenuous questions 
or remarks. Jacky Coogan is “the 
boy on Lawrence’s sweater” or “makes 
shoes downtown;’’ the nearest city is 
“Southeast ;’’ Al Smith “‘made our side- 
walk,” ‘“He’s our preacher,’’ or “he’s 
out at Ham Lake,” where the family 
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spent the summer. One boy could not 
give the name of any newspaper but 
ended a vivid description of a recent 
sensational murder case with the con- 
vincing statement, ““That’s the paper 
we take!’’ 

Euphonic analogy and slang associa- 
tions account for a number of incorrect 
responses. A carpenter fixes carpet 
sweepers or repairs cars; energine is put 
in the radiators of cars; the Great 
Northern is the North Star; butter is 
made from buttermilk or butterflies 
make it; plants, seeds, and flowers are 
manufactured in the Ford Plant; bak- 
ing powder is what ladies use on their 
faces. A plumber plumbs, pulls out 
plums or sells plumbers. Other mis- 
takes are the result of mere word asso- 
ciations. Dempsey-Tunney was some- 
times given in answer to the question 
“Who is Dempsey,” Butter is made 
from oleomargerine or Land O’Lakes; 
beans grow in gardens but bees make 
them. More or less intimate associa- 
tions with certain phenomena or com- 
mon characteristics of color or form 
produce such misconceptions as snow 
being made from sand “because sand is 
grey.” Juvenile literature is respon- 
sible for replies similar to: ‘Clouds are 
made of animals’’ the result of hearing 
a verse in which children see animals in 
the clouds; and “butter is made from 
tigers,’’ which is true of the tigers in 
the story of Little Black Sambo. 

While such influences are apparent in 
a variety of incorrect responses, there 
are others of which the origin is less 
easily explainable. According to the 
careful elaboration of one child, coal 
is made at the North Pole by God. He 
ships it out to the people on earth who 
are still in need of such mortal com- 
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forts. The heat in the summer time 
comes from stoves at the South Pole. 
When the stoves are turned off it’s 
cold. A thermometer tells how to be 
good or how much you weigh or “no 
danger—railroad crossing.”’ Butter is 
made from yellow sunshine or from a 
windmill. Paper is made from iron, 
bread, dough or glue. A man who 
raises corn or wheat is called a bach- 
elor. 


RESULTS 


Reliability of the total score 


Reliability has been computed by 
correlating the scores made on Form A 
against those made on Form B. It 
will be recalled that Form A was 
always administered first. The form- 
versus-form method of computing 
reliability is commonly regarded as a 
more rigorous test of consistency of 
measurement than either the test- 
retest or the split-scale method. The 
‘est-retest method is likely to yield 
results which are spuriously high due 
to the operation of memory factors; 
the split scale method is likely to be 
similarly affected, particularly in the 
case of young children, by the opera- 
tion of such factors as shyness, nega- 
tivism or fatigue which are incident to 
the immediate situation but not perti- 
nent to the general field of inquiry. 
Both these sources of error are avoided 
by the method used in this investiga- 
tion. The results are shown in table 2. 

The total scores on the separate parts 
of the test for each individual child are 
very similar. One point was allowed 
for every response credited, so that a 
perfect score on either form was 66 and 
a perfect combined score, 132. The 
range of scores on the two forms is 
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almost identical; in A from 15 to 55, in 
B from 14 to 52 points. The mean on 
Form B is 1.6 points higher than that 
on Form A. Whether this is the result 
of practice or of a slight difference in 
the difficulty of the two forms cannot 
be determined from our data. The 
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Reliability of the separate categories 


Table 3 gives the reliability of the 
individual categories, their means and 
standard deviations, and the ratio of 
the actual difference between means to 
the standard error of the difference 


TABLE 2 
Reliability of the information test 





PEARSONIAN P.E. 





.008 (A) 36.2 


.003 (B) 37.8 





TABLE 3 
Reliability of the separate categories 
Differences between occupational classes and between boys and girls 





CATEGORY 





. Current topics and history 

. Natural phenomena 

. Literature and music 

. Animals, birds and insects 

. Plants and flowers 

. Occupations and industries.......... 
. Household arts 

. Mechanical 
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standard deviations of the two forms 
are also very similar. According tothe 
combined scores the average child 
possessed a knowledge of 71.6 of the 
concepts enumerated in the test. 
Among the 13 highest scores, 11 were 
earned by boys and only 2 by girls. 


for the sexes and for the upper and 
lower halves of the occupational 
groups. 

As was to be expected, these reli- 
ability coefficients are much lower than 
that of the total scale. For our group 
of subjects, Category VI, (animals, 
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birds and insects) was most reliable, 
while Categories VII (plants and 
flowers) and IV (natural phenomena) 
showed least agreement between the 
two forms. 


Correlation with the Detroit kindergarten 
test 


The Pearson product moment corre- 
lation between the combined scores or 
the two forms of the information test 
and the Detroit intelligence test for 
kindergarten children was +.64 +.04. 
A number of factors which tended to 
lower this correlation should be noted. 
The Detroit test is supposed to be 
given to all pupils during the first and 
second months of school, but in some 
cases it was postponed for as much as 
four or five months. Since age-norms 
for this test had not been published at 
the time of this study, it was not pos- 
sible to correct for discrepancies in 
age resulting from irregularities in the 
time of administration. Each of the 
cases was examined by his respective 
teacher. The tests were given by the 
kindergarten teachers, and it is doubt- 
ful whether the standardized procedure 
was strictly followed in all cases. In 
one instance, a teacher is known to 
have changed a certain part of the test 
which she thought unfair to the child. 
The mean Detroit score for the group 
was 18.9 which corresponds closely to 
the mean scores for other kindergartens 
in the city. It is of interest to note 
that the scores made by a pair of 
identical twins differed by two points 
on the Detroit test and three points in 
combined score on the information 
test. Since the range of scores is 
much greater in the information test 
than on the Detroit test the re- 
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semblance in information is closer than 
that indicated by the Detroit test. 


Average time for administration 


The average time for giving Form A 
was 19 minutes, for giving Form B, 
17 minutes, making the total time con- 
sumption for both forms, 36 minutes. 
A correlation of +.51 between time on 
the first and time on the second occa- 
sion shows that there is some consist- 
ency in the speed in which the child 


TABLE 4 
Percentile distributions for the composite 
scores according to occupational 
groups and sex 





OCCUPATIONAL GROUP 
PER- 
CENTILE 





Lower 
half 


Upper 
half 





52.8 
65.9 
72.5 
77.5 
81.2 
83.9 
90.3 
94.5 
102: — 
106.4 
107 


36.5 
45.9 
54.5 
59.8 
63.8 
69.5 
75.3 
79.5 
84.5 
88.7 
102 


100 107 

















reacts to the questions from occasion 
to occasion. 


Occupational group and sex differences 


A comparison of total composite 
scores on the first three with the last 
three occupational groups gives evi- 
dence of the general superiority of the 
former, the mean of the two differing 
by 17 points and the ratio between the 
actual difference and the standard 
error of the difference being 4.9. 
There is very little difference in the 
standard deviations for the upper and 
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TABLE 5 
Percentage of successes on individual items by occupational group and sex 





OCCUPATIONAL 


GROUPS SBxXES 





I, II, III | IV, V, VI Girls Boys Total 





per cent per cent per cent per cent per cent 
Preliminary Exercise (not scored): 
1. Tell me the name of a street. 
(If no response, On what street do you 
live?) 
2. What is a robin? 
3. Of what flowers can you tell me the name? 


Category I. Local Points of Interest: 
1. Tell me the name of a Minneapolis news- 


. What is the name of a lake in Minneapolis. 
. What is the Mississippi 

. What is Hennepin Avenue 

. What is the Great Northern 

. What is W. C. C.O 


. What is Dayton’s 

. What large city is closest to Minneapolis. . 
. What do they make in the Ford plant... 
. What do people go to look at in the Art 


. Tell me the name of a hotel in Minne- 
apolis 





Total per cent on all 12 items 


Category II. Time and Number: 
1. How many pennies in a dime............ 
2. What time of year do flowers grow out- 


. What time of year is the weather cold... 
. How many eggs in half a dozen 

. What day comes after Sunday 

. What time or what o’clock is it at noon... 


. How many pennies in a nickel 

. How many hands has a clock 

. What time of the year is the weather hot. 
. How many eggs in a dozen 

. What day comes after Saturday 

. What time or what o’clock is it at mid- 
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TABLE 5—Continued 





OCCUPATIONAL 
GROUPS 





, 0, TEL 12V, V, ¥i 





per cent per cent 
Category III. Current Topics and History: 
1. Who is Andy Gump 90 58 

. What did Lindbergh do 90 84 

. Who was the first president 68 42 

. Who is Dempsey 62 64 

. Who is Jacky Coogan 24 20 

. Who is Herbert Hoover 0 0 


. Who is Skeezix * 90 72 

. What are the colors in the flag ; 90 

. What people lived in America before the 
white men did 

. Who is Joesting 

. Who is Coolidge 

. Who is Al Smith 





Category IV. Natural Phenomena: 

1. What shape is the sun 

2. Of what is snow made 

3. Where do you sometimes see a rainbow... 
4. What makes it warm in the summer time. 
5 
6 


. Where does the sun set in the evening... 
. What are clouds made of 


. Where are the clouds 

. Of what is ice made 

. What makes it light in the daytime 

. What shape are snowflakes 

. Where does the sun rise in the morning. 
. What is lightning made of 





Total per cent on all 12 items 


Category V. Literature and Music: 
1. What colors are the keys on a piano 
. Whom was Red Riding Hood going to see. 
. What did Cinderella lose at the ball 
. On what part of the violin do you play. 
. Who was Hiawatha 
. How do you play a cornet............... 


. What did Jack and Jill do 
. With what do you play a drum.......... 
. When the three bears came home, whom 


did they find in bed 
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TABLE 5—Continued 





OCCUPATIONAL 
GROUPS 





I, I, TI | IV, V, VI 





per cent per cent 
4. What was the name of the boy who 

climbed the Beanstalk 58 30 
5. What was Cinderella’s coach or carriage 


16 6 
54 44 





46.2 


Category VI. Animals, Birds, Insects: 

1. How many legs has a horse 

2. What does a cat scratch with 

3. From what are little chickens hatched... 

4. What do bees make that we eat 

5. A baby dog is called a puppy; what is a 
baby cow called 

6. What do we call a butterfly before it be- 
comes a butterfly 


. What do we drink that we get from a cow. 

. What color is a crow 

. A bird flies in the air; what does a fish do 
in the water 

. How many horns has a cow 

. A baby cow is called a calf; what is a 
baby horse called 

. How many wings has a butterfly 





Total per cent on all 12 items............ 


Category VII. Plants and Flowers: 
. What do apples grow on 
}. What color are buttercups 
. What color is wheat when it is ripe 
. How many stones in a peach 
. What do we call the part of the plant 
underground 
. What do we eat that grows on vines..... 


. What must we plant to have flowers 

. What color are dandelions 

. What do we call a flower before it opens. 

. What color is an apple before it is ripe. 

. What is the outside of a tree called 

. What do we eat that grows under the 
URE Coots thw, 5 5-6 Sout eek ew ae cs 





Total per cent on all 12 items 
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TABLE 5—Continued 





OCCUPATIONAL 


EXE 
GROUPS — 





1, Ui, TUT ZY, ¥, vi Boys 





per cent per cent per cent 
Category VIII. Occupations and Industries: 

1. Who makes money by cutting hair 96 96 94 

2. To whose office do we go to get a tooth 
90 94 
74 46 68 
. What is butter made from............... 52 28 44 
. What is a shoe made of 90 68 82 
. Where does coal come from..............] 36 28 34 


. Who brings letters to the house......... 96 96 
. Who takes people’s tonsils out 98 84 94 
. What do we call a man who raises corn 

and wheat 64 50 64 
. What does a carpenter do 62 58 78 
. Where does wood come from 80 58 84 
. What is paper made from 32 18 28 





Total per cent on all 12 items 73. 60 a 


Category IX. Household Arts: 
1. What do we use to cut cloth 
. From what animal do we get bacon 
. What is the outside of an egg called 
. What is a vacuum cleaner used for 
. From what does leather come 
. From what do we get wool 


. What do you use to cut meat 

. What do you put with the lemon juice to 
make lemonade 

. How do we get water out of clothes be- 
fore hanging them up to dry 

. For what is baking powder used........ 

. What is the yellow part of an egg called 

. From what do we get cotton 





Total per cent on all 12 items............ 


Category X. Simple Mechanics: 

1. What do you use to put a screw into wood. 

2. What do you see on the ground that 
trains run on 

3. What is the brake on an automobile for. 

4. How are trees made into boards 

5. What is a thermometer for 

6. Gas or gasoline makes an automobile go; 
what makes a streetcar go 
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TABLE 5—Concluded 





OCCUPATIONAL 
GROUPS 





I, Il, III | IV, V, VI 





. What do you use to put a nail into wood. 


. What do you use a saw for 

. What is sandpaper for 

. How can you get to the top floor of a 
building without walking 

. What makes a sail-boat go 

. What do we put in the radiators of auto- 
mobiles 


Category XI. Games and Amusements: 
1. How do you play leapfrog 
2. What do people fish with 
3. What must you not do in tin-tin 
4. On what do people play hockey in the 
wintertime 


. In what game do you have a king-row... 
. In what game do you have a touchdown. 


. What do we use to play croquet 
. What are skiis made of 


. What must you have to play anty-over. . 


. What do people play bridge with 
. In what game do you use a racket 


. In what game do you have a home run.. 


Total per cent on all 12 items 


per cent 
98 
100 
58 


per cent 
98 
100 
32 


100 
100 
46 


98 
100 
45 


42 
30 


54 
58 


54 
45 
50 


56 53 





64.8 58.7 


32 18 21 
98 §2 96 
0 2 0 1 


24 


64 46 
10 2 
40 14 


74 
18 
42 


60 
10 
28 


42 22 44 33 
94 94 90 92 

4 6 8 7 
48 42 36 39 
34 18 34 26 
26 8 44 26 


41 42.8 





32.2 30.3 36.5 




















lower halves of the occupational 
groups; for the former it is 17.8 and for 
the latter, 16.5. As a whole, the boys 
exceed the girls in number of successes, 
the average boy having a knowledge of 
10 more items than the average girl. 
In this instance, the ratio between the 
standard error of the difference and the 
actual difference between means is 
2.85. Whatever superiority on entire 
categories exists is always in favor of 
the boys and invariably in favor of the 
upper half of the industrial classifica- 
tion. Individual items occasionally 


show a larger percentage of passes for 
the girls; this is also true of the lower 
occupational groups. In these cases, 
however, the superiority is so slight as 
to be practically negligible. 

Table 4 presents comparisons be- 
tween the two divisions of the occupa- 
tional groups and between the sexes in 
the form of percentile scores. As is 
evident from table 3, the discrepancies 
between the means for the sexes on the 
separate categories are in some in- 
stances very small; those between the 
upper and lower halves of the occupa- 
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tional levels, although not always sig- 
nificant, appear more consistently and 
are more marked. 


Percentages of success on individual 
items 


Table 5 shows, for the upper and 
lower halves of the occupational distri- 
bution and for the sexes separately, the 
percentage of cases succeeding with 
each individual item in the two forms. 
Each of these sub-groups includes ex- 
actly 50 cases. 


Analysis of successes on individual 
items 


A small number of items show about 
an equal number of successes for both 
divisions of the occupational groups; 
others show little or no sex difference, 
while a majority of them gave evidence 
of considerable difference between 
socio-economic groups and a somewhat 
smaller proportion indicate a dissimi- 
larity in the type of information likely 
to be possessed by the two sexes. 

The time of year that flowers grow 
outdoors, the number of eggs in a 
dozen, the day of the week after Satur- 
day, the time it is at midnight, and 
most of the other questions in the Time 
and Number subdivision evoke about 
the same number of correct answers 
from both sexes. Boys excel the girls 
by 16 per cent in naming the time at 
noon. Jacky Coogan, Dempsey, Lind- 
bergh, and Coolidge are better known 
by the boys. The most pronounced sex 
difference in favor of the boys is on 
Dempsey. He and Lindbergh, how- 
ever, are equally popular with both the 
upper and lower social classes. The 
political situation in regard to Hoover 
and Al Smith apparently had no sig- 
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nificance for five year olds. This 
study was made during the heat of the 
political campaign in the fall of 1928. 
Most of them are completely mystified 
by the question, or associate the family 
name of Smith with that of a next-door 
neighbor. 

In phenomena of nature, both sexes 
alike have approximately the same 
range of information, which does not 
coincide with the supposition that girls 
surpass boys in objects relatively com- 
mon in their surroundings. However, 
in this category the upper strata of 
socio-economic groups exhibit quite an 
advantage over the lower, the ratio of 
the actual difference between means to 
the standard error of the difference 
being 6.16. Contrary to what has 
been found in previous studies, the 
boys do not excel the girls in all ‘‘ani- 
mal’’ concepts, although they do so on 
“what bees make” the caterpillar pre- 
ceding the butterfly and a “baby” cow 
being called a calf. Category VIII on 
Occupations and Industries as a whole 
does not display a significant advan- 
tage for either sex, but on such items as 
wood coming from trees, the work of a 
carpenter, and the nature of a plumb- 
er’s occupation boys show superiority. 
The dentist and the doctor are equally 
well known in all levels of social life. 
It is an interesting observation that, at 
the age of five, boys know quite as 
much about the particular concepts 
included in the sub-group on House- 
hold Arts as do the girls. 

The most distinct gap between the 
scores of occupational groups on any 
one category occurs in Mechanics and 
Transportation where the ratio of the 
actual difference in the means to the 
standard error of the difference is 6.78. 
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As is to be expected the sex distinctions 
in this sub-group are also quite 
marked. There is close agreement be- 
tween the sexes in knowledge as to 
what can appropriately be put in the 
radiator of an automobile, while the 
result of the operation of the brake is 
almost twice as often understood by 
boys as by girls. 

Category XI on Games and Amuse- 
ments is unique in that the ratio of the 
standard error of the difference to the 
actual difference for the upper and 
lower occupational groups exceeds the 
corresponding difference between the 
sexes by only .5. This is the only in- 
stance in which such an approximation 
has been reached; in all the others the 
social group distinctions outweigh the 
sex differences by a much greater mar- 
gin. Boys excel in naming the correct 
game in which touchdowns and home 
runs play a part and in recognizing 
hockey and tennis terms. 


SUMMARY OF RESULTS 


1. Two forms of a general informa- 
tion test were administered to 100 
children, selected to represent approx- 
imately the various socio-economic 
groups within the population of Min- 
neapolis and divided equally as to sex. 

2. The test was formulated after 
observing kindergarten children to 
ascertain what topics were actually 
discussed by them, and by using sug- 
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gestions made by trained and experi- 
enced workers in the field of preschool 
research. 

3. The reliability of a single form of 
the range of information test, calcu- 
lated by the Pearson product moment 
method, is +.94. According to the 
Spearman-Brown formula the reli- 
ability of the combined scores on the 
two forms is +.97. 

4. When correlated with the Detroit 
Kindergarten test, there is a relation- 
ship of +.64 between intelligence and 
range of information, which is prob- 
ably too low, due to defects in the 
administration of the Detroit test. 

5. The total time required for giving 
both forms of the test is thirty-six min- 
utes. There is a correlation of +.51 
between time on Form A and time on 
Form B. 

6. There are marked differences in 
range of information between upper 
and lower halves of the socio-economic 
groups, the ratio of the actual differ- 
ence between means to the standard 
error of the difference being 4.9. 

7. Sex differences in favor of the 
boys, while less marked than those 
between social classes are great enough 
to be reliable. The difference between 
the mean scores earned by the two 
sexes is 2.85 times the standard error of 
the difference. It is apparent in each 
of the eleven categories but is greatest 
in regard to mechanical information 
and games and amusements. 
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The Expression of the Emotions in Infancy 


FLORENCE L. GOODENOUGH 


if \HE question of the relative 

influence of “native’’ vs. 

“learned” elements in the overt 
expression of the emctions has been a 
point of controversy for several years. 
For a critical review and bibliography 
of the literature on this topic the 
reader is referred to Landis(2). Re- 
peated experiments have shown that 
facial expression alone as shown in the 
ordinary still photographs of adults 
posed to simulate various types of 
emotional expression is an inadequate 
basis for identifying emotion, since 
there will usually be much disagree- 
ment among judges as to the specific 


emotions which the different photo- 
graphs were designed to portray. Even 
less agreement has been found when 
the material consists of photographs 
taken in the laboratory under condi- 
tions of genuine emotional excitement 


orstrain. These results have led some 
persons to the conclusion that the 
facial expression of emotion is in the 
main a learned reaction, functioning 
primarily as a form of language. Like 
other languages it may be expected to 
differ somewhat from one social group 
to another, and to become modified in 
various ways with the passage of time. 

That the overt expression of emotion 
among adults may be inhibited or simu- 
lated in order to conform to social stand- 
ards can hardly be doubted. It seems 
improbable, however, that such modi- 


fication of expression either for the 
purpose of concealment of emotion or 
of conveying the idea of an emotion 
not actually felt will occur during the 
first year of life; while anyone who has 
ever attempted to induce a young 
infant to imitate an action performed 
in his presence may well doubt whether 
any large proportion of the changes in 
facial expression shown at those early 
ages have been brought about through 
either conscious or unconscious imita- 
tion. It seems worth while, therefore, 
to ascertain the extent to which adults 
who have had some experience with 
young children are able to interpret 
the expressive behavior of infants with 
sufficient accuracy to enable them to 
match photographs taken under con- 
ditions assumed to be provocative of 
some degree of emotional response 
with the written descriptions of the 
situations under which each was taken. 
A very careful investigation of this 
nature is reported by Mandel Sherman 
(3). Sherman’s subjects, however, 
were new-born infants whose move- 
ments are but slightly coordinated and 
who, presumably, had not yet fully 
recovered from the shock of birth. 
He found that without a knowledge 
of the stimulus, agreement between 
observers as to the character of the 
emotion which the infant was presuma- 
bly experiencing was no greater than 
would be expected by chance. We 
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are not warranted in assuming that ner(1) wasused. These photographs, 
similar results would be obtained fer Which are reproduced by permission 
older infants. of the publishers, are shown. 


As material for this study, a series of They were taken under conditions 
thought favorable for the eliciting of 


wicklung der Gemiitsbewegungen im mild emotional states at an instant 


eight pictures selected} from “Die Ent- 


ersten Lebensjahre”’ by Martin Buch- when the behavior of the infant sug- 
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gested to the observer that the antici- ‘“‘camera consciousness’? may safely 
pated emotion had been aroused. The _ be ruled out. 
youth of the subject (ten months) Descriptions of the situations under 


renders it highly improbable that the which the photographs were taken are 
character of the expression had been given by Buchner in the monograph 
affected to any marked degree by social cited, together with a brief characteri- 
tradition. For ‘the same reason, zation of the emotion which the child 
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was believed to be experiencing. 
These descriptions were translated 
literally except for the omission of 
certain specific references which might 
serve as a guide to the matching. 
Descriptions of four other photo- 
graphs not used in the experiment 
were added to the list in order that the 
matching of the last picture would not 
be determined automatically by a 
process of elimination. A group of 68 
university students enrolled in a 
course in child training served as 
judges. Each student was given a set 
of photographs and a mimeographed 
sheet of instructions as follows: 


JUDGING EMOTIONS FROM PHOTOGRAPHS 


Instructions: You will be given a series 
of photographs, labelled on the back A, B, 
C, D, E, F, G, H, respectively. Below is 
a series of paragraphs describing the situa- 
tions under which the photographs were 
taken. In some instances the emotion 
which the child was believed to be experi- 
encing is also indicated. Descriptions of 
four additional situations have been added, 
in order that the matching of the last pic- 
ture will not be determined automatically 
by a process of elimination. 

Look at the first picture (labelled A). 
Note the child’s facial expression and bodily 
posture carefully. Then read through the 
descriptions of all situations in which the 
child was photographed. One of these 
corresponds to Picture A. When you have 
decided which one of the situations de- 
scribed would be most likely to elicit the 
expression shown in the picture, write the 
letter A in the parentheses preceding this 
description on the mimeographed sheet. 
Do the same for Picture B, then for Picture 
C, and so on until all the pictures have been 
matched. Four unmatched situations will 
of course be left over. 

Do not omit any of the pictures. Make 
a judgment each time, even if you feel very 
uncertain as to the correct choice. State 
only one judgment for each picture. 


CHILD DEVELOPMENT, VOL. II, NO. 2 


Situation 
Picture 
3 1. Satisfied smiling (with affection). 
He was looking at his mother who 
talked to him in a friendly manner. 

2. Astonishment (with slight dis- 
pleasure). I counted loudly and 
emphatically as I walked toward him 
—‘twenty, twenty-one, twenty-two, 
etc.’ He looked me uncomprehend- 
ingly in the face. 

3. Fear (perhaps with dislike). 
A strange woman struck two blocks 
together, growled, and rushed sud- 
denly up to him, frowning darkly. 

4. Dissatisfaction (with slight 
obstinacy). I had taken him up in 
my arms and then put him back in 
the chair. He wanted to come to my 
arms again. 

5. Astonishment (with auditory 
attention). He is listening to the 
ticking of a watch. 

6. Slight obstinacy. His mother 
wanted him to give her his hands, but 
he would not because she had just 
taken a toy away from him. 

7. Crying. He was tired of sitting 
and wanted to come out of his high 
chair into my arms. 

8. Astonishment (with ocular atten- 
tion). A bright colored new toy 
clown was shown to him. 

9. Grimacing. The rogue is trying 
to wink. 

10. Pleasure. I rolled a shining tin 
can on the tray. He said softly 
“‘dai.’”’ 

11. Roguish smiling (with affection 
and tense expectation). His mother 
was teasing him. ‘‘Only wait, now, 
I’m going to catch you!” 

12. Anger (and displeasure). 
has been taken away from him. 


A toy 


Table 1 shows the distribution of 
judgments for each of the eight pic- 
tures. Correct judgments are shown 
in the diagonal line of boxes. Of 
the 544 judgments 258 or 47.4 per cent 
are correct. The chance expectancy 
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is 8.3 per cent correct judgments 
The percentages for the different 
pictures vary from 14.7 for Picture A 
to 77.9 per cent for Picture C. In- 
spection of the incorrect judgments 
will shows that they are far from being 
distributed at random. In each case 
they tend to be concentrated within 
one or more situations which are as a 
rule closely similar to the correct one. 
For example, with four exceptions the 
errors in interpreting Picture A consist 
in choosing either Situation 2 or 
Situation 5. In both of these situa- 
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Here the source of the confusion is 
probably to be found in the child’s 
attitude of active withdrawal. Had 
the judgments been based upon actual 
observation of the child’s behavior or 
upon moving pictures it is probable 
that the comparative speed of reaction 
(startle reflex) would have served to 
differentiate the two. 


SUMMARY AND DISCUSSION 


1. An experiment was designed to 
ascertain the degree of accuracy with 
which the expressive behavior of an 


TABLE 1 
Distribution of judgments in matching photographs and situations 





PICTURE 


SITUATION 





3 10 

















1 
11 
1 


























A 
B 
C 
D 
E 
F 
G 
H 





50 
| 3 














48 











tions as well as in the true one aston- 
ishment was thought to be the pre- 
dominant emotion. Likewise in the 
interpretation of Picture B the ma- 
jority of the errors consist in selecting 
Situation 6 rather than 4. Again the 
resemblance of the two situations is 
striking. The only important excep- 
tion to the general rule that confusicns 
are for the most part confined to the 
situations in which the emotions 
imputed to the infant are the same or 
closely similar is to be found in the 
case of Picture F, which is most fre- 
quently attributed to Situation 6. 


infant as shown in ordinary still 
photographs can be identified with the 
descriptions of the circumstances 
which called it forth. A group of 68 
university students enrolled in a course 
in child training acted as judges. 

2. It was found that on the average 
photographs and situations were 
matched correctly in 47.4 per cent of 
the judgments, which is 5.7 times the 
percentage of successes to be expected 
by chance. Errors in matching were 
in the main confined to confusions 
between situations in which the emo- 
tions imputed to the child by the 
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original investigator were the same or 
closely similar. 

3. Since the subject of the photo- 
graphs was an infant of ten months, 
it seems improbable that the form of 
behavior displayed by him had been ap- 
preciably modified by social tradition 
or by “camera consciousness.”’ More- 
over, since the still photographs show 
only a single brief phase of the total 
pattern of expressive behavior and 
afford no evidence as to the speed of 
reaction or of its vocal accompani- 
ments, and since the stimuli used were 
for the most part of a comparatively 
mild nature not calculated to call 
forth pronounced reactions, the degree 
of success attained by the judges takes 
on added significance. The findings 
suggest that however greatly the overt 
expression of emotional states may be 
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inhibited, modified, or intentionally 
assumed in the social relationships of 
adult life, the language of expression 
is nevertheless built upon a core of 
native reaction-patterns which appear 
at so early an age that they can hardly 
be ascribed to training. It seems 
probable that the réle of training and 
experience in the expression of the 
emotions consists chiefly in a process of 
inhibition and substitution whereby 
the innate reaction-patterns take on a 
more or less distorted form. If this 
hypothesis be correct, the optimum 
period for the study of emotional 
expression is to be found in early child- 
hood, before the original patterns of 
response have become too extensively 
overlaid by the habits resulting from 
social experience. 
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A Revised Scale for Measuring Develop- 
mental Age in Boys" 


Pauut HAnuy FuRFEY 


THE CONCEPT OF DEVELOPMENTAL AGE 


T IS a familiar and obvious fact 
I that the behavior of the growing 

child changes with age. The 
irresponsibility of early childhood gives 
place to the seriousness of adult life. 
Play shows a wide range of develop- 
ment from the motor play of the infant 
and the dramatic play of the preschool 
child to the complex social recreation 
of the adolescent and the adult. 
Autistic thinking alters in character. 
The attitude of the growing child to- 
wards other children of the same and 
the opposite sex undergoes a complex 
sequence of changes. In fact, the 
whole psychology of the individual 
alters as he gradually grows from 
childhood into adulthood. 

These changes may reasonably be 
ascribed to a volitional and an intel- 
lectual element. That is to say, the 
drives, or the objectives, or the plan 
of life, of the growing child gradually 
develop and are slowly transformed 
from year to year, while his increasing 
intelligence and his accumulating ex- 
perience make him able to put into 
effect more efficiently the said drives 
or objectives. 

* I desire to thank the many people who 
have aided in the preparation of this study, 


particularly my colleague, Dr. Thomas G. 
Foran. 
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The intelligence test movement 
has made possible the quantitative 
study of the intellectual element in 
conduct. We know now, at least in a 
general way, the effect on behavior of 
different degrees of mental ability. 
Little or no effort has been made, 
however, to study the changing voli- 
tional life of the growing child. The 
term “developmental age’’ has been 
introduced by the present writer to 
cover this element in conduct. It may 


de defined as “the progressively in- 
creasing and non-intellectual maturity 


of general behavior which shows itself 
in the growing child’s play preferences, 
in his fantasy life, in his choice of 
books and movies, in his ambitions, 
and, in general, in his whole behavior 
type.” In this definition no pre- 
suppositions are made as to the ulti- 
mate causes of this species of maturity. 
It may conceivably be due to social 
custom or to some factor intrinsic to 
the child himself, or to some combi- 
nation of extrinsic and intrinsic causes. 
We do presuppose, however, that 
developmental age is not the same 
thing as mental age; for the term has 
been chosen to denote a type of 
maturity which is other than intel- 
lectual. As will be seen later in the 
present paper, the existing evidence 
tends to show that there is little or 
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no correlation between mental age 
and developmental age, if the effect of 
chronological age is eliminated. 


THE PRELIMINARY SCALE 


The present writer has already pub- 
lished a scale for measuring develop- 
mental age (1, 2, 4, 6) but it was quite 
frankly an experimental one. It con- 
sisted of 4 tests, two of which dealt 
with play preferences, one with read- 
ing preferences, and one with attitudes. 
As developmental age is presumably 
_ characterized by different qualities 
in the two sexes this scale was made 
applicable to boys only. The same 
is true of the present revised scale. 
The preliminary scale was given to 450 
boys in the city of Washington in May, 
1925. 

The reliability of this preliminary 
scale was calculated not on the basis 
of the entire group but on a special 
group of 60 boys having a mean 
chronological age of 161.77 months, 
with a sigma of 17.29 months. By the 
method of split halves and the Spear- 
man-Brown formula the reliability of 
the scale for this group was found to 
be .76. Of course, a reliability as small 
as this makes the scale useless except 
for group comparisons. It did, how- 
ever, serve to show the possibilities 
as well as the limitations of the method. 

A second defect of the preliminary 
scale was its extremely cumbersome 
scoring system. This defect may be 
illustrated by the scoring of test two 
which proved to be the most promis- 
ing of the 4 tests of the scale. This 
test consisted of a list of activities. 
The child was instructed to read it 
through and to mark with one or two 
crosses respectively the activities 
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which he liked and those which he 
liked very much. Each item has been 
assigned a weight in accordance with 
its value as an index of developmental 
age. ‘The score for this test was fixed 
as 100 times the average weight of all 
items marked by the child. The 
items which he marked as liked “very 
much” were counted twice. Practice 
proved that this method of scoring 
was very tedious. 


THE CONSTRUCTION OF THE REVISED 
SCALE 


In constructing the new test the two 
defects just mentioned were kept in 
mind. To be satisfactory, the new 
test would have to have a reliability 
at least as high as the standard in- 
telligence and educational tests in use 
in our school systems and clinics; 
and the scoring system should not be 
more difficult than those of the average 
group test. 

In order to obtain a more satisfac- 
tory reliability the scale was considera- 
bly lengthened and more care was 
exercised in the selection of items. 
The final scale consisted of 6 tests 
dealing respectively with play prefer- 
ences, vocational ambitions, reading 
preferences, and things the child would 
like to have, to see, and to think about. 

Various improvements in the scor- 
ing system were considered. Finally 
a method was devised which became 
known as “the method of paired 
comparisons.” As the name implies, 
this method consisted in presenting to 
the child a number of paired alterna- 
tives and he was instructed to choose 
one alternative in each pair. The 
method is illustrated in the test forms. 
If the child preferred the first item in 
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TEST 1* 


“THINGS TO Do”’ 


In each pair choose which thing you would like better to do 


d you rather: 

Dance, 

. Play with bow and arrow, 
. Go on Scout hikes, 

Play golf, 

. Fly kites, 


. Play with electric trains, 
. Go to a club meeting, 

. Read novels, 

. Listen to a band playing, 
. Work with tools, 


. Visit museums, 

. Play ‘‘Drop the handkerchief, 
. Collect stamps, 

. Play with bow and arrow, 

. Spin tops, 


Play ‘‘Cops and thieves,”’ 
. Play the saxophone, 
. Play “I spy,’’ 
. Go out with a girl, 
. Make model airplanes, 


. Read sport news, 

. Play cards, 

. Look at toys in stores, 

. Just sit around, 

. Play musical instruments, 


. Play indian, 

. Dance, 

. Play soccer, 

. Walk on stilts, 


. Play basketball, 

. Make candy, 

. Belong to the Boy Scouts, 
. Repair an auto, 

. Erase blackboards, 


. Play “I spy,”’ 

. Write letters, 

. Drive an auto, 

. Do puzzles, 

. Play with bow and arrow, 


or, 2. 


or, 2. 


or, 2. 
or, 2. 


or, 2. 


Play ‘‘Puss in the corner’ 
Shoot baskets 

Knock flies 

Play soldier 

Bowl 


. Read magazines 

. Play soldier 

. Play ‘‘Follow the Leader’’ 
. Make candy 

. Play tennis 


. Play with wagons 

. Dance 

. Play ‘‘Cowboys and Indians’’ 
. Listen on radio 

. Take pictures 


. Go to parties 

. Play tag 

. Play ‘‘Parchesi’’ 

. Play with Meccano 

. Read adventure stories 


. Play checkers 

. Play ‘‘Run, sheep, run’’ 

. Go to the movies with a girl 
. Play in the sand 

. Walk on stilts 


. Have ‘‘dates”’ 

. Play ‘‘In and out the window’’ 
. Play with electric trains 

. Go to card parties 


Read the funny papers 


. Look at pictures 
. Ride in an auto 


or, 2. 


or, 2. 
or, 2. 
or, 2. 
or, 2, 
or, 2. 


Read animal stories 
Take a walk with a girl 


Read magazines 

Play with toys 

Go to Scout meetings 
Play cowboys 

Play catch 


his scale is published by the C. H. Stoelting Co. 
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. Repair an auto, 

. Chew gum, 

. Pitch horseshoes, 

. Fly model airplanes, 

. Play ‘“‘Cops and thieves,” 


. Play with a pet dog, 
. Get a letter, 


. Go to a Wild West show, 
. Go visit a girl, 
. Play croquet, 


. Read the newspapers, 
. Have tea with a girl, 
. Play with wagons, 


or, 2. 
or, 2. 
or, 2. 
or, 2. 
or, 2. 


or, 2. 
or, 2. 
or, 2. 
or, 2. 
or, 2. 


Play circus 

Go out with a girl 
Play soldier 

Get a letter from a girl 
Wrestle 


Play golf 

Play with electric trains 
Go to a musical comedy 
Wade in the water 

Go to a dance 


. Play circus 
. Play with marbles 
. Go to call on friends 


TEST 2 


“Toines TO BE WHEN You Grow Up” 


In each pair choose the thing you would like better to be when you grow up 


Would you rather be: 
. A stock broker, 
1. A cowboy, 
1. A pirate, 
a 
1 


1 


A cartoonist, 
. A mail carrier, 


. A fireman, 

. A wireless operator, 
. A machinist, 

. An electrician, 

. A soldier, 


. An author, 
. An acrobat, 
. A poet, 

. An Indian, 
. A jeweler, 


. A cowboy, 

. A doctor, 

. A king, 

. A bookkeeper, 

. A circus performer, 


. A builder, 

. A civil engineer, 
. A truck driver, 

. A knight, 


or, 2. 
or, 2. 
or, 2. 
or, 2. 
or, 2. 


or, 2. 
or, 2. 
or, 2. 
or, 2. 
or, 2. 


or, 2. 
or, 2. 
or, 2. 
or, 2. 
or, 2. 


or, 2. 
or, 2. 
or, 2. 
or, 2. 


or, 2. 


A blacksmith 
A banker 

An astronomer 
A judge 

A dentist 


A newspaper reporter 
A truck driver 

A king 

A knight 

A railroad engineer 


A mail carrier 
An electrician 
An ice man 

A carpenter 
A scientist 


A newspaper reporter 
A policeman 

A congressman 

An acrobat 

A cartoonist 


A chauffeur 
A soldier 


. A business man 


. A clergyman (priest or minister) 
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TEST 3 


“Books to REap”’ 


In each pair choose the book which you would like better to read 


Would you rather read: 
1. The Stampede, 
1. Robinson Crusoe, 
. Apank, the Indian boy, 
. The Burning Fountain, 
. Uncle Wiggley Stories, 


. Danger Ahead, 

. The Freshman Hero, 

. Gentlemen of Courage, 

. The Honor of the Clan, 
. Bunny Rabbit’s Friends, 


. Sherlock Holmes, 

. Robin Hood, 

. Captains Courageous. 

. Peter Pan, 

. The Knight and the Dragon, 


. The Pirate Prince, 

. Dauntless Heart, 

. Uncle Wiggley’s Friends, 
. Dan’s Great Adventure, 
. Peter Rabbit, 


. The Ninth Inning, 

. The Girl from Rio, 

. Sonny Boy, 

. The Pride of the Fleet, 
. The Avenger, 


. Grimm’s Fairy Tales, 


. Out to Win, 


or, 2. 
or, 2. 
or, 2. 
or, 2. 
or, 2. 


Treasure Island 

The Boys Book of Automobiles 
The Gold Rush 

Cowboys and Indians 

Pee Wee Harris’ Funny Bone Hike 


. Over There 

. The Knight of the Silver Sword 

. The Cruel King and the Magic Ring 
. The Sunbonnet Babies in Holland 
. Meaning No Offense 


. The Black Wolf Pack 

. The Greenwich Manor Mystery 
. With the Indians in the Rockies 
. Rex, a Collie 

. Tom Patterson’s Forward Pass 


. Where Men are Men 

. Fairy Tales of Many Lands 
. Steel of the Royal Mounted 
. Cowboys and Indians 

. Wrongly Accused 


. The Indian Trail 

. Our Little French Cousins 

. The Great Divide 

. Danny Brown in the Indian Camp 
. Wild Animals At Home 


. The Girl with the Golden Hair 
. Dog Heroes from Many Lands 


TEST 4 


“THInas TO Havny’’ 


In each pair choose the thing which is more fun to have 


Is it more fun to have: 
. Some handkerchiefs, 
. A pet rabbit, 
. A wagon, 
. A watch, 
. An Indian suit, 


. A set of toy soldiers 
. A punching bag 

. A tennis racket 

. A Scout suit 

. A pair of kid gloves 
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. A magic set, 
. A new hat, 


. A box of writing paper, 


. A swimming suit, 


. A cowboy suit, 


. A brush and comb, 
. An Indian suit, 

. A fountain pen, 

. An electric train, 

. A toy wagon, 


. A bow and arrow, 
. A new shirt, 

. A printing press, 
. A necktie, 

. A magic lantern, 


. A suit of clothes, 

. A pair of rubber boots, 
. A toy boat, 

. A model airplane, 

. A kite, 


. A pet rabbit, 


. A camera 

. A blackboard 

. A toy engine 

. A moving picture machine 
. A set of golf clubs 


. A drum 

. A wallet 

. A pair of rubber gloves 

. A book of detective stories 
. A silk handkerchief 


. A book of sport stories 
. A set of building blocks 
. A suit of clothes 

. Some marbles 

. A saxophone 


. A toy steam engine 
. A baseball glove 

. A new hat 

. An electric train 

. A new pair of shoes 


. A sweater 


. A book of adventure stories, . A water pistol 


. A brush and comb, 
. A croquet set, 
. A pet kitten, 


. A wallet, 

. A blackboard, 

. Some handkerchiefs, 
. A pet canary, 

. A toy boat, 


. A toy tractor. 
. A pet dog, 


. A Meccano or Erector Set, 


. A raincoat, 
. A drum, 


. A drawing set 
. A toy cannon 
. An album 


. A toy auto 

. A necktie 

. A school bag 

. A pair of sport socks 
. A traveling bag 


or, 2. A tennis racket 

or, 2. A Scout suit 

or, 2. A book of sport stories 
or, 2. Some goldfish 

or, 2. A box of candy 


TEST 5 


“THINGS TO SER’”’ 


In each pair choose the thing you would like better to see 
Would you rather see: 


. A beautiful sunset, 

. Soldiers marching, 

. Men digging ditches, 
. An auto race, 

. A bakery window, 


or, 2. A fairy prince 

or, 2. An auto accident 

or, 2. Men building a bridge 
or, 2. Animals in the zoo 
or, 2. A chemist working 
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. A man getting arrested, 
. The North Pole, 

. An artist painting, 

. A movie actress, 

. A lot of Indians, 


. A parachute jumper, 
. A circus parade, 

. A diving exhibition, 
. A giant, 

. A fort, 


. A blacksmith working, 
. A pretty girl, 

. A magic carpet, 

. A track meet, 

. Cowboys on a ranch, 


. A parachute jumper, 

. A chemist working, 

. Fire engines, 

. A chemical laboratory, 
. A riot, 


. Santa Claus, 


or, 2. An auto factory 
or, 2. A fairy castle 
or, 2. A king 

or, 2. A giant 

or, 2. A banquet 


or, 2. An army camp 

or, 2. A trial in court 

or, 2. A stage coach 

or, 2. Girls playing basketball 
or, 2. A boxing match 


or, 2. A musical comedy 

or, 2. A castle 

or, 2. A diving girl 

or, 2. Someone falling on the ice 
or, 2. A movie studio 


or, 2. A steamshovel 
or, 2. A knight 

or, 2. A motorboat race 
or, 2. Soldiers marching 
or, 2. A fairy castle 


or, 2. A fancy dress ball 


Tzst 6 


“Trines TO THINK ABovuT’ 


In each pair choose the thing you like better to think about 


Would you rather think about: 


1. 


Traveling in Europe, 


1. Ghosts, 
1, 
1 
1 


Boy Scouts, 


. Success in life, 
. Magic things, 


. Wild Indians, 

. College life, 

. Radio, 

. Hikes in the woods, 
. Heroes of long ago, 


. Pretty girls, 

. Knights and dragons, 
. Famous men, 

. The Wild West, 

. Wild animals, 


or, 2. Cowboys on a ranch 

or, 2. The men at West Point 

or, 2. Famous athletes 

or, 2. Things you saw at the movies 
or, 2. Home 

or, 2. Being a famous man 

or, 2. Pirates 

or, 2. The funny paper 

or, 2. The days when knights lived 
or, 2. Men at Annapolis 


or, 2. Giants 

or, 2. The girls you have met 

or, 2. Eating candy and ice cream 
or, 2. Criminals and detectives 
or, 2. Going traveling 
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. Magic things, 

. Automobiles, 

. The funny papers, 
. Civil engineers, 

. Wild Indians, 


. Airplanes, 

. Success in life, 

. Giants, 

. Getting a job, 

. Famous athletes, 


. The Wild West, 


. Being popular 

. Eating candy and ice cream 
. The books you have read 

. Savages in the jungle 

. The jokes people tell you 


. Hunting in Africa 

. The things you like to eat 

. The funny things you have seen 
. The days when knights lived 

. Dogs and other pets 


or, 2. Your mother and father 


. Playing baseball and other games, or, 2. Cowboys on a ranch 


the pair he was instructed to place 
the figure 7 in the parentheses at the 
right. If he preferred the second item 
in the pair he was to write the figure @. 

It was feared at first that this 
simplified scoring system might result 
in a lowered reliability. To determine 
this point Test 2 of the preliminary 
scale in the old form was given to 94 
boys in one grammar school. These 
same boys were also given the same 
items rearranged in accordance with 
the new method of paired comparisons. 
Precautions were taken to equalize the 
effect of priority of presentation. The 
reliabilities of the two methods were 
then computed by the method of split 
halves and it was found that the 
method of paired comparisons yielded 
a reliability of .73 whereas the old 
method of weighted items yielded a 
reliability of only .64. The new 
method therefore was not only much 
simpler than the old but actually 
yielded better reliabilities. It is sug- 
gested that this method of paired 
comparisons may have a general use- 
fulness in the field of personality and 
behavior tests. 

The next step was the selection of 


items. It was decided that each pair 
should consist of an item which showed 
increasing popularity with age and an 
item which showed decreasing popu- 
larity. Moreover the two items 
should increase and decrease in such a 
way that the graphs representing this 
increase or decrease should cross each 
other at about the middle of the age 
range. ‘To select good pairs of items it 
therefore became necessary to know 
how children’s preferences in regard 
to a large rumber of items increased 
or decreased with age. 

For this purpose many data were 
available from the work on the pre- 
liminary test. Further material was 
gathered by presenting a large number 
of items to the boys in one grammar 
school asking them to express their 
preferences. The results of all these 
experiments were graphed and paired 
items were selected on this basis. It 
is to be noted that a certain amount 
of arbitrariness was legitimate at this 
point because the selection of items 
was to be tested out subsequently. 
The worst effect, therefore, of a poor 
selection of items would be that these 
items would later have to be dropped. 
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Finally 224 pairs of items were 
selected. The scale in this form was 
given in May 1930 to 982 grammar- 
and high-school boys from age 8 to 
age 18. Of these, 584 were from 
Cleveland, 277 from Detroit, and 121 
from Washington, D.C. The re- 
sponses to each pair of items were 
tabulated separately for each age. 

110 - 
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those which decreased with increasing 
age were scored minus so that a higher 
score would characterize the older age- 
groups. Out of the 224 items in the 
original test only 28 pairs were dis- 
carded as being unsatisfactory, leaving 
196 pairs in the final test. 

After discarding the 28 pairs just 
mentioned a scoring key was con- 
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Fig. 1. RELATION BETWEEN ScoRE AND CHRONOLOGICAL AGE 


Thus it was possible to see whether 
the responses to each pair showed a 
marked tendency to change with age. 
Pairs which received about the same 
sort of response throughout the whole 
age range were, of course, discarded 
as not being diagnostic. Answers 
which increased in frequency with 
increasing age were scored plus and 


structed and the papers were scored. 
Since there were 196 pairs of items, 
the highest possible score would be 
196. In the course of the scoring 29 
papers had to be discarded because 
they were incomplete. The results of 
the scoring of the remaining 953 papers 
are shown graphically in figure 1 while 
the mean scores by ages are given in 
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table 1. In this table and the other 
tables in this article ‘age 8” refers to 
boys who have passed their eighth 
birthday but who have not yet reached 
their ninth birthday. 

It will be noted that scores increase 
quite regularly from age 8 to age 12, 
then more sharply from age 12 to age 
16. After 16 there is no tendency to 
increase. It is a tempting theory that 
the acceleration in developmental age 
after 12 is due to the dawn of adoles- 
cence. The phenomenon may, how- 


TABLE 1 
Mean scores by ages 





MEAN SCORE 





73.33 
80.74 
92.09 
98.30 
108.40 
122.90 
138.20 
152.26 
164.27 
163 .04 
162.66 














ever, be due to factors of selection 
since the boys in the older age-groups 
were largely high-school boys who may 
not be typical of the entire boy popula- 
tion. It is interesting also to notice that 
developmental age does not increase 
with chronological age after 16. In 
this, it resembles Binet mental age. 
Here again, however, factors of selec- 
tion may be at work. It is possible 
that the more mature boys had left 
high school after reaching their eight- 
eenth birthday. 


111 


RELIABILITY AND VALIDITY 


The reliability of the test was com- 
puted on the basis of the entire group 
of 953 individuals. Since reliabilities 
are spuriously raised when they are 
computed over a considerable age 
range it was decided to compute 
coefficients separately for each age 
group. The elimination of the effect 
of chronological age in this manner is 
a very severe test of the reliability of 
the scale and one which is often 
neglected. The resulting reliabilities 


TABLE 2 
Reliability of the revised scale in separate 
age groups 





RELIABILITY 





85 














are given in table 2. It will be noted 
that they do not fall below .85 at any 
age and that the mean reliability of 
the single age-groups is equal to .91. 
The size of these correlations was one 
of the happiest surprises of the present 
investigation. 

It is less easy to estimate the validity 
of the test because there is no ready 
criterion of developmental age. In 
the preliminary scale validity was 
estimated by correlating test results 
with ratings obtained from a rating 
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scale. In the present instance, how- 
ever, it was felt that this procedure 
would not be entirely satisfactory 
because the validity of even the best 
rating scales is very much subject to 
question. It is doubtful whether it 
would be possible to construct a 
criterion which would be more valid 
than this test itself. Chronological 
age would be a very rough criterion. 
It yielded a coefficient of .82 when 
correlated with test results over the 
entire range from age 8 to age 18. This 
means little more than that there is 
considerable spread in developmental 
age in each age-group. The best 
available answer to the question of the 
validity of the present scale (and it is 
admittedly an unsatisfactory answer) 
is given by the fact that the present 
test is evidently based on preferences 
concerned with types of play, books, 
fantasies, ambitions, and the like. 
But preferences of this sort are pre- 
cisely what we mean by the term “de- 
velopmental age.” 


RELATION OF DEVELOPMENTAL AGE TO 
OTHER FACTORS 


It seems probable that the scores of 
the present test are not greatly affected 
by differences of intelligence. In the 
work on the preliminary test a partial 
correlation of .23 (age constant) was 
found between developmental age and 
the results of a group intelligence test 
(Haggerty Delta-2). A correlation 
of —.15 was found between develop- 
mental age as measured by the rating 
scale previously mentioned and the 
same test results. The mean of these 
two coefficients is .04 (4, p. 20). 
Lawlor (8) working with a group of 
mental defectives in whom differences 
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of mental age were striking reported 
correlations of .35 between develop- 
mental age and Stanford-Binet, —.04 
between developmental age and Por- 
teus Maze, .13 between developmental 
age and Healy 2, and .70 between devel- 
opmental age and the Goodenough 
Drawing Test. Since, however, Law- 
lor’s group showed a large age range 
(9 to 25 years) and since the correlation 
of developmental age and chronological 
age in this group amounted to .45, 
it is probably true that partial coeffi- 
cients of correlation (age constant) 
would have shown little relation be- 
tween developmental age and the 
mental tests mentioned. 

In the case of the present revised 
scale, unfortunately, mental test data 
were lacking for most of the subjects. 
For a group of 35 boys at age l4a 
coefficient of —.12 was obtained. This 
was the only age group in which 
enough mental test data were present 
to secure a significant correlation. 
For 66 boys between age 12 and age 16 
a partial correlation (age constant) of 
—.08 was obtained. By “mental age” 
in this paragraph score on the Cleve- 
land Classification Test is meant. 
The conclusion to be drawn from 
these data is that there is no demon- 
strable relationship between develop- 
menval age and intelligence. 

In the work on the preliminary scale 
(4) partial coefficients (age constant) 
of .22 and .16 were obtained between 
developmental age and weight and 
height respectively. Miss Zalduondo 
(9) obtained a correlation of .206 
between height and developmental age 
on the preliminary scale for a group of 
43 boys in grades 7 and 8, and a corre- 
lation of .362 for developmental age 
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and weight. These same measure- 
ments, however, yielded zero or nega- 
tive coefficients in grades 4 and 5. A 
considerable number of other physical 
measurements employed by Miss Zal- 
duondo showed no clear and definite 
relationships with developmental age. 

In the present study with the re- 
vised scale it was possible to investi- 
gate the question more thoroughly. 
The accompanying table 3 gives the 
results. Average coefficients of .09 
and .10 were obtained for the correla- 
tion with height and weight respec- 


TABLE 3 


Correlation of developmental age with height 
and weight in separate age groups 
| 


™ R TIO} 
CORRELATION|“O* eco gta 


, WITH 
WITH HEIGHT WEIGHT 








— .07 — 08 
.00 .02 
.03 .10 
.05 15 
12 .05 
.16 14 
27 35 
.20 .02 


DARE. cco po aae .09 .10 

















tively. A closer analysis of this table 
will show the reader that this degree 
of relationship is due principally to 
the correlations obtained after age 12. 
In the lower ages there is practically 
no correlation between developmental 
age and physical measurements. The 
explanation probably is that after this 
age adolescence enters as a factor. 
The adolescent boys in each age group 
tend to be taller and heavier than the 
rest of the population and also to have 
a higher developmental age. The 
whole question of the relationship 
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between physical traits and develop- 
mental age calls for further investi- 
gation. 

In order to make practical use of the 
test it was necessary to calculate 
developmental age equivalents for 
each score. This was done by fitting 
a line graphically to the data as shown 
in figure 1 and then interpolating. 
Extrapolation was also used for about 
one year below and one year above 
the actual range covered. The results 
are given in table 4. These figures 


TABLE 4 
Developmental age equivalents of specified 
scores 





SCORE 





65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 


125 
130 
135 
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are presented with considerable hesita- 
tion and the reader should so accept 
them. Attention is called also to the 
fact that an artificial meaning is given 
to the term ‘developmental age’’ by 
extrapolating above age 164. This is 
precisely parallel to the use of Binet 
mental ages over age 16. According 
to the theory on which the Stanford- 
Binet is based there is no growth in 
mental age in the average individual 
beyond the sixteenth birthday. A 
mental age of 17 on the Stanford- 
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Binet, therefore, does not refer to the 
mental level of the average 17-year- 
old. It is an arbitrary designation 
for a level of mental ability which is 12 
“mental months” above the 16-year 
level. Developmental ages over 163 
are to be understood in the same arbi- 
trary sense. 


CONCLUSIONS 


1. The present test is a revision of a 
previously published test for devel- 
opmental age. The previous test 
suffered from two particularly trouble- 
some defects. Its scoring system was 
cumbersome and its reliability was 
low. 

2. The first defect was overcome by 
the ‘method of paired comparisons” 
which not only made the test very 
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much easier to score but actually 
yielded a considerable increase in 
reliability. 

3. The second defect was overcome 
by the lengthening of the test and by 
a more careful selection of items. Re- 
liabilities on single age groups ranged 
from .85 at age 8 to .96 at age 17 with 
a mean reliability of .91. 

4, Evidence is presented to show 
that developmental age has little if 
any relation with mental age. It 
apparently has a slight positive rela- 
tion with physical measurements but 
only after age twelve. 

5. Developmental age equivalents 
are presented for the interpretation of 
test scores. These are based on the 
results of 953 tests administered in 
three cities. 
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Strength of Child’s Grasp in Complicated 
Responses 


BuFrorD JOHNSON AND May WILson 


HE following is a report of a fur- 
ther study of the individual dif- 
ferences in children under five 
years of age in the pressure exerted in 
grasping during performances requiring 
codérdinated hand movements. A pre- 
vious investigation (1) showed wide dif- 
ferences among adults and children in 
the tension of the fingers during tapping 
movements. Simple and complicated 
forms of tapping were used. Effi- 
ciency of performance appeared to be 
related to the tension, within limita- 
tions of the length of time the tapping 
was continued. The children were 
required to tap 30 seconds and the 
adults 1 minute. 

The present investigation was made 
to study the pressure variations of 
children with prolonged periods of 
tapping. Analysis has been made of 
the changes in the pressure from a 
simple tapping movement to a more 
complicated form for one minute pe- 
riods, and for the complicated tapping 
prolonged to two minutes. 

The apparatus used was the same as 
that described in the previous article 
(1). It consisted of the Dunlap 
Tapping Board and a stylus permitting 
pneumatic registration of the pressure 
exerted in grasping the stylus. The 
reactors were seated during the per- 
formance. Records were taken of five 
types of tapping, each type being per- 


formed on a different day, according to 
the following schedule: (1) Tapping 1 
minute on a single plate, called “sim- 
ple’ tapping. The taps were recorded 
by magnetic counters. (2) Tapping 1 
minute, first on the right plate and 
then on the left, called “complicated” 
tapping. The taps were registered on 
magnetic counters. (3) Simple tap- 
ping for 1 minute with the pressure 
stylus. A kymographic record was 
made of the taps, of the time in seconds 
and of the pressure of grasping. (4) 
Complicated tapping for 1 minute, with 
kymographic record. (5) Compli- 
cated tapping for 2 minutes, called 
“prolonged” with kymographic record. 
The right hand was used first, and after 
an interval sufficient for adjusting the 
drum the left hand was used in a similar 
manner. The recording apparatus was 
screened from view. 

A more accurate method of scoring 
the pressure variations was employed 
in this investigation than in the first 
study. The area included between the 
pressure curve and the base line of zero 
pressure for the ten second periods was 
measured in square inches with a plan- 
imeter. The length of each ten second 
period was measured in inches. The 
average height of the pressure curve 
during each period was calculated by 
dividing the area by the length of the 
interval. The maximum height at- 
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tained by the pressure curve during 
each interval was measured and 
recorded. 

Twenty childven formed the group 
that we intended to test. The tests on 
the children under two and one-half 
years were not completed as the 


Puate I. 


JOHNSON AND Witxson: Child’s Grasp 


though it appears now that different 
sizes of the stylus should be used. In 
several cases the children were not 
available for completing the series, and 
the number for which results are given 
is eleven. 

The analysis of the individual rec- 


REPRODUCTION OF KyMOGRAPHIC RECORD FOR SuBsEcT E SHowING INCREASED 


PRESSURE WITH COMPLICATION OF RESPONSE 


measurements did not seem compara- 
ble. The pressure stylus is not as 
sensitive to the light grasp, but if the 
thinner rubber tubing were used the 
older child had a strong enough grasp 
to touch the central metal rod. Fur- 
ther work on this problem may give a 
stylus suitable for the different ages, 


ords is made with reference to the type 
of pressure curve, and to the changes in 
type for simple, complicated, and pro- 
longed movements. These changes 
are also related to the efficiency of per- 
formance as measured by the total 
number of taps and the accuracy in the 
coérdination of movements during 
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AND VARIABILITY IN PRESSURE FOR PROLONGED TAPPING 


PuateE III. Repropuction or Kymocrapuic REcorD For Supsect D SHowineG ERRATIC 
PRESSURE VARIATIONS AND INCREASE WITH COMPLICATION OF 
RESPONSE WITH FINAL DECREASE 
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alternate tapping. Comparisons of 
the performances were made by means 
of rank orders under the different con- 
ditions. 

Typical kymographic records are 
reproduced in Plates I, II, and III. In 
all cases these records were made with 
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The scores in table 1 give the average 
pressure for each child for 1 minute for 
each form of tapping. 

When we compare the pressure 
records for the different performances 
we find 4 children who tend to high 
pressure for all forms of tapping; 3 
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Puate IV. 


GRAPHS FOR INDIVIDUAL CHILDREN SHOWING VARIATIONS IN PRESSURE FOR 


DIFFERENT TyPES OF PERFORMANCE DurinG 1 MINuTE PeErRiops or TAPPING 
Average height in inches for 10 second intervals are used in plotting the curves 


the right hand. The graphs shown in 
Plates IV and V were drawn from the 
measurements of the pressure curves. 
The ordinates of the graphs represent 
the ten second intervals, and the 
abscissae represent the average height 
of the pressure curve for the interval. 


children who show slight pressure in 
simple tapping but increase with the 
complicated and prolonged tapping. 
Child C showed the lightest pressure of 
the group in simple tapping but in 
rank order for the group changes from 
sixth place to tenth place in the suc- 
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ceeding forms. Other children show 
variations of only a few points in rela- 
tive standing with regard to pressure. 
One child used greatest pressure in 
simple tapping which may be due to an 
apprehension often manifested by some 


children when a novel situation is pre- 
sented. 


INCHES SIMPLE 
2. 


COMPLICATED 
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fairly constant pressure. These forms 
of pressure variations are shown in the 
plates. 

Group averages of the pressure for 
the different forms of tapping show an 
increase from the simple form to the 
complicated, and a further increase for 
the prolonged complicated tapping. 
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Piate V. GRAPHS FOR INDIVIDUAL CHILDREN SHOWING VARIATIONS IN PRESSURE FOR 
DIFFERENT Types OF PERFORMANCE DuriNG 1 MinuTEs Periops or TAPPING 


Average height in inches for 10 second intervals are used in plotting the curves 


Within a tapping period for a given 
form some children show the increase 
in pressure toward the end of a one 
minute period of tapping. Others be- 
gin with high pressure and decrease. 
Some children are erratic or maintain 


CHILD DEVELOPMENT, VOL. II, NO. 2 


When the changes in rank order are 
considered, the greatest average change 
is from the complicated to the pro- 
longed tapping. The averages obscure 
the extent of the change. 

It is difficult to represent with 
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numbers the characteristics of a curve. 
For example, a pressure curve for a ten 
second period of tapping may include 
one or more than one high pressure 
points. In giving the pressure for 
such a ten second period a numerical 
value of the average height of the 
curve does not furnish an adequate 
picture, nor does the maximum height. 
The ratio of the maximum height to 
the average height seems to have value 
in representing such raggedness and 
irregularity of acurve. This ratio has 
an additional value in being independ- 
ent of the magnitude of the pressure 
measurements. That is, it has the 
same significance in the case of a high 
pressure curve as in the case of one of 
low pressure. We have calculated 
these ratios for the various ten second 
periods and have found that they indi- 
cate a type of behavior which has been 
observed in tapping as well as in other 
performances in both children and 
adults, that is, a tendency to over 
compensate when the work becomes 
less efficient. In tapping this compen- 
sation usually results, not in the sub- 
ject’s actually tapping faster, but in his 
tapping with more force. In this 
laboratory children have worn down a 
hard metal stylus by this pounding, 
necessitating its being replaced. 

In general, it has been noted that 
the pressure curves of the pro- 
longed tapping become more ragged 
toward the end of the two minute tap- 
ping period. This results from the 
effort of the subject to maintain a high 
rate of tapping, in spite of the fact that 
muscular fatigue or other factors tend 
to slow it down. This increase in 
raggedness of the pressure curve is 
shown in table 2 by an increase in the 
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ratio from the first ten second interval 
to the last ten second interval. 

Similar data for the left hand show 
7 cases in which there is a positive 
change, and 4 cases in which there is a 
negative change. The average posi- 
tive change is 1.72 right hand and 
1.173 left hand while the average nega- 
tive change is 0.37 right hand and 0.169 
left hand. 

If instead of comparing the first and 
twelfth ten second intervals, the aver- 


TABLE 2 
Comparison of ratio measure of pressure for 
initial and final periods of tapping 
Ratio score represents quotient of maxi- 
mal height for a ten second period divided 
by the average height for that period. 





RATIO FOR 
lst TEN 
SECONDS 


RATIO FOR 
FINAL TEN 
SECONDS 


SUBJECT 





0.29 
0.37 
0.69 
8.09 
0.33 
3.38 
0.07 
1.43 
2.25 
0.36 
—0.37 
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age value of the ratio for all reactors 
for the entire one minute period of the 
complicated tapping is compared to the 
similar average for the second minute 
of the prolonged tapping, the average 
of the ratio for the second minute is 
found to be greater than the average of 
the ratio for the first minute of tapping. 


Average ratio, first minute,com- 
plicated, right hand 

Average ratio, second minute, 
prolonged, right hand 
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Average ratio, first minute, com- 
plicated, left hand 

Average ratio, second minute, 
prolonged, left hand 


With each hand there are only two 
individuals who changed in the reverse 
direction. 


EFFICIENCY OF PERFORMANCE 


There are wide differences in the 
number of taps made by individual 
children. Age differences for this test 
have been found in the many studies 
of tapping though greater overlapping 
of age groups appears as the age in- 
creases. In table 3 the number of 
taps made by each child in each form 
of tapping is given. The accuracy of 
performance is measured by the differ- 
ence in the number of taps made on the 
right and left plates in the alternate 
tapping as given in table 4. The child 
having the smallest difference ranks 
first. When the rank orders in the 
number of taps for the two prelimi- 
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nary forms of tapping recorded by the 
magnetic counters are compared with 
rank orders recorded on the kymograph 


TABLE 3 
Tapping scores for one minute periods under 
different conditions 





RIGHT HAND LEFT HAND 





Com- Com- 
Simple] pli- Simple] pli- 


Pro- 
cated cated longed 








205 
168 
168 
166 
153 
149 
144 
142 
131 
131 
100 


155 | 120 | 79 
155 | 94 
204 | 136 
169 | 122 
123 | 69 
136 | 97 
154 | 115 
149 
135 
114 
135 


130 


ASK tMoOorysyoaAeS 























the following changes in rank occur: 
For simple tapping recorded on counter 
with simple tapping recorded on kymo- 
graph the arithmetic mean of the 


TABLE 4 
Tapping scores for each plate showing accuracy in codrdination of movements 
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COMPLICATED—SCORE FOR LAST MINUTE WITH 2 MIN- 
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amount of change is right hand 2.5; 
left hand 2.2. For complicated tap- 
ping recorded on counters with compli- 
cated tapping recorded on kymograph 
the arithmetic mean of the amount of 
change is right hand 2.1; left hand 1.5. 

The efficiency of performance as 
measured by the total number of taps 
decreases with the complication of 
movements and with prolongation of 
tapping period. The average number 
of taps for the group for the last minute 
of the two minute period was 92.4; for 
one minute of this complicated form 
the average was 110.8 taps, showing a 
difference of 18.4. In every case there 
was a decrease, but there were wide 
individual differences in the amount of 
decrease. The range of scores for the 
children in the one minute period was 
from 99 to 138, for prolonged tapping 
the range was from 71 to 132. In 
simple tapping the group average was 
150.4 taps which is 39.8 more than in 
the complicated form. 

When the efficiency is compared with 
the pressure scores greater changes in 
rank order occur than for other compari- 
sons, the average change increasing as 
the task is prolonged or more compli- 
cated. Significant individual differences 
appear. The child who maintained 
highest pressure was the most efficient 
in total output and ranked fairly high in 
accuracy, which is measured by the 
difference in taps on the two plates. 
Another child with high pressure was 
efficient in total taps but only fair in 
accuracy. A child with low pressure 
scores was poor in tapping score. The 
efficiency appears to be more closely 
related to the type of curve within a 
given period of tapping than to the 
total pressure score. 
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Analysis of the behavior of these 
children in social relations shows that 
the children with high pressure records 
had difficulties in adaptation. Some 
who ranked low in efficiency but 
showed less than average pressure lack 
initiative ability in activities. They 
appear slow in action and deliberative 
rather than spontaneous. The scores 
in other tests of codrdination of move- 
ment appear to bear out these conclu- 
sions. The Intelligence Quotient does 
not appear to have a direct relation to 
the tapping score. 


SUMMARY 


Those children who show initial high 
pressure relative to their average pres- 
sure and decrease the pressure during 
the performance appear to be more 
efficient. In some cases these children 
have a high total pressure but still 
maintain efficiency. Others show a 
lower pressure level in total but the 
curve of decrease is similar and effi- 
ciency is high. Children who show 
slight initial pressure but increase to- 
ward the end of the period may be effi- 
cient in the simple task for a brief 
period but when it is prolonged and 
the task is complicated their efficiency 
is greatly reduced. The child who 
shows erratic changes in pressure is 
rarely high in efficiency and often be- 
comes inaccurate and falls into a low 
rank. 

Previous study of a few adults 
showed that the person who main- 
tained light pressure throughout was 
the most efficient but the reactor with 
high pressure in initial seconds with 
gradual decrease was almost as effi- 
cient. It may be that in such simple 
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performances as the tapping test, the 
adult has attained an efficiency in 
movement through reduction of ten- 
sion in fingers. A survey of past and 
current individual records tends to 
favor the second form of pressure as an 
indicator of efficiency. 

It is probable that the pressure 
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records could be wisely used in direct- 
ing the young child’s activities toward 
relaxation for some and alertness for 
others. The results of this investiga- 
tion lead us to conclude that habits of 
reaction based upon temperamental 
tendencies may he studied to advan- 
tage by this method. 
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The Effect of Bodily Orientation upon 
the Young Child’s Memory for 
Position of Objects* 


L. Lucite EMrErson 


HISTGRICAL SUMMARY 


OR some years spatial percep- 

tion has been a topic of philo- 

sophical and _ psychological 
treatises. The bulk of the literature 
bearing upon this psychic factor deals 
with the theoretical nature of the 
problem, discussing the origin and 
growth of spatial perception. The 
fact that visual perception and spatial 
relationships are well organized in the 
adult is a very common observation. 


The determinations of the beginnings 
of such organization is a problem 
which can best be solved by the study 


of children. Very little work has been 
done on this topic. It is hoped that 
future investigations will be concerned 
with development of spatial percep- 
tion and relationships in the young 
child as the past has been concerned 
with the adult status of these factors. 

Various psychological theories of 
spatial perceptions have been ad- 
vanced by eminent psychologists. 
The genetic theory supported by W. 
Wundt lies at one extreme, while the 
nativistic theory upheld by Herring 


* From the Institute of Child Welfare, 
The University of Minnesota. To Dr. 
Florence L. Goodenough who directed this 
problem and to Dr. John E. Anderson who 
offered many helpful suggestions I make 
acknowledgment of my indebtedness. 


and M. Von Frey presents the oppo- 
site point of view. The genetic idea 
is that perception of space is derived 
from the final fusion of sensations 
which in themselves are spaceless. 
Tnis idea as expressed by Wundt is 
that “all spatial ideas are arrange- 
ments either of tactual or visual 
sensations.” Opposed to this theory 
is that of the nativist who argues that 
all sensations have fundamental spa- 
tial characteristics. Wundt, in com- 
menting upon the child’s perception 
of space, expresses the belief that such 
perception is much less complete in the 
child than in many animals. 
‘ Titchener (13) advances a theory 
which he himself says is half-way 
between these two extreme theories. 
According to his reasoning, some 
sensations have a characteristic of 
spatial extent which make “localiza- 
tion of these sensations a necessary 
consequence of qualitative differences 
within total bi-dimensional fields.” 
Furthermore, the visual perception of 
a place or position is highly organized 
in the individual; stimuli which have 
spatial differences are definitely placed 
in spatial relationships to one another. 
P. Swindle (12) in reviewing Kaila 
says that the latter believes there is 
little foundation for a classification of 
individual’s space perception into three 
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dimensions, but that ‘each response 
has its own spatial attribute and its 
manifestation means perception of 
space in a particular form or dimen- 
sion.” 

Pillysbury (10) in commenting upon 
perception maintains that perception 
as a whole is a much simpler problem 
than that of association. He believes 
that it is difficult for anyone to deter- 
mine when perception and association 
are not united; for him the problem of 
perception is largely one of association. 
One of the best as well as one of the 
simplest definitions of perception given 
in psychological texts is that given by 
Woodworth (18) when he says that 
“perception is knowing the fact.’ 
Facts that are stimulating the eye are 
known as visual perceptions. These 
visual perceptions offer the data for 
the perception of spatial facts. 

Perhaps the most comprehensive 
viewpoint of the conception of spatial 
relationships in the young child has 
been elaborated by Stern (11) and 
Koffka (7). These two men have 
endeavored to show how space per- 
ception has developed in the young 
child. Stern (11) says that even by 
first year there is a beginning of the 
conception of space. He uses the 
term the “conquest or mastery of 
space” to explain the growth of 
spatial perception in both ideas and 
actions. Here we have the mental 
and physical grasp of space going on 
simultaneously. Stern believes that 
psychology has long been laboring 
under the mis-conception that the 
mental and physical conception of 
space is entirely separated. This was 
perhaps due to the fact that most of 
the investigations that have been 
carried on were done with adult sub- 
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jects. Stern’s interest is also centered 
in the question as to whether spatial 
perception is native or acquired. 
This also he believes can be answered 
only by a study of child psychology. 
In this regard he says there is no act 
of perception of a familiarity with 
space in which both natural and ac- 
quired faculties do not take part. 
Kofika (7) also is interested in the 
child’s conception of spatial relations. 
To the infant the objects which arouse 
reactions are those within his field of 
vision. In the young child this field 
of vision is confined to a very narrow 
range of space. He sees first only 
those things which are directly in 
front of him. 

Actual experimentation that has 
been done in this field of spatial rela- 
tionships is limited. Miss Williams 
(16) states that P. Meyer in 1919, 
carried out an experiment on memory 
for spatial position for oddly shaped 
figures or objects. Objects were pre- 
sented in different positions of rota- 
tion toward the right, left, backward 
and forward. After a delay of twenty- 
four hours the observer was required 
to identify the position in which a 
given figure was originally presented. 
The results of this experiment yielded 
the following conclusions: (1) that 
there were various tendencies toward 
error, (2) that the errors were espec- 
ially noticed in the identification of 
neighboring and symmetrical posi- 
tions with the original, (3) that there 
was inability to determine degree of 
rotation though the direction was 
correctly given. 

S. R. Court (3) studied the develop- 
ment of number time and space con- 
cepts in a child from twenty months 
to five years of age. At two years of 
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age a spontaneous interest in numbers 
was observed. At the age of three 
years 5 months the boy could count 
to twelve; and at 4 years 3 months he 
could count to 100. Conception of 
time was first manifested at 20 months 
in the child’s preference for simple 
stories in which the verbs were all in 
the same tense. He understood the 
future tense at 2 years, knew the 
seasons at 4 years, and could tell time 
at 4 years 10 months. His first in- 
clination to measure space was at 2 
years 10 months when he measured 
one object in relation to another. At 
3 years he could appreciate space and 
distinguish between objects of differ- 
ent size. The subject’s sense of 
orientation was good at 2 years at 
which time he knew his way home 
from four directions each two or three 
blocks distant. At 3 years he knew 
the location of three inter-urban 
stations and the relation of each to his 
home. Interest in ‘near’ and “far’’ 
was apparent by 4 years. In conclu- 
sion, Court states that interest in 
space in some of its phases was less 
spontaneous than interest in time 
and number. Space measurement was 
influenced by external conditions 
many times. She concludes that, 
“growth of this child’s appreciation of 
space and of his sense of orientation 
is as natural as is the growth of his 
body.” 

Aside from those experiments deal- 
ing with static equilibrium, compara- 
tively very little work has been done 
in respect to the ability of an individ- 
ual to maintain his sense of position 
or bodily orientation. The ability 
of the individual to maintain his 
normal bodily position and spatial 
relationships in reference to the sur- 
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roundings is spoken of in psychology 
as “orientation.” This is a factor so 
closely tied up with space perception 
that it also merits a closer treatment. 

The best psychological definition of 
bodily orientation is probabiy that 
one given by J. M. Baldwin (1) in 
his dictionary of psychological terms 
when he defines bodily orientation as 
“the undisturbed consciousness of the 
spatial relationships of the body as a 
whole to its surroundings.’’ He 
affirms that the orientation of a body 
to its surroundings is conditioned by 
many factors such as factors of sense, 
number, visual sensations, cutaneous 
sensations and auditory sensations. 
Orientation of body becomes reflexive 
and only comes into consciousness 
when it is disturbed. 

Stern (11) deals with a child’s sense 
of position. Both mathematically 
and psychologically the individual’s 
conception of space must begin from a 
definite center. In mathematics this 
center is any arbitrarily assigned 
point, but in psychology, space center 
has only one position and that is “in 
the person of the perceptive individual- 
ity.”’ That is every man is the center 
of his own space and his dimensions 
of right or left, up or down, backward 
or forward, are in relation to his own 
body. All things then in the external 
field of space are brought into some 
relative position with individual space. 
According to Stern the young child 
does not completely master his in- 
dividual space before he masters the 
concept of outer space. These two 
conquests of space go hand in hand. 
The child has a consciousness of the 
sense of position. The vestibular 
activities and the semi-circular canals 
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of the inner ear help in knowledge of 
sense of position. 

Koffka (7) in his discussion of the 
sense of position says that the infant’s 
field of vision is limited, so that he 
sees only those objects which are 
before him and not those which 
appear at one side, above or below. 
He says, ‘‘to the child form is much 
more independent of spatial position 
that it is to adults.” To support this 
contention Koffka cites the ability of 
children to recognize pictures even 
though the pictures are turned at 
angles varying from ninety to one 
hundred eighty degrees. In adults 
however, the recognition is dependent 
upon the absolute orientation of the 
figure. To the adult, “right, left, 
above and below become character- 
istic properties of the different mem- 
bers of configuration and consequently 
of the total form.” As Koffka sug- 
gested children’s perception of sense of 
position would be of sufficient sig- 
nificance to justify painstaking 
investigation. 

Baldwin and Stecher (2) in their ex- 
planation of the adaptation board 
used in experimentation with young 
children state that the ability of an 
individual to adapt himself to a 
changed situation is known to corre- 
late highly with intelligence. In tests 
using the adaptation board, the degree 
of success attained by the child de- 
pends to a great extent upon attention 
and observation of the experimenter’s 
movements and ability to remember 
them. The most important factor 
in the whole test is the ability to 
visualize a new position of the board in 
relation to the old. In reference to 
adaptation of the body to a new 
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position, Janet makes this statement— 
“the reversal of position in visualizing 
of situation could account for the 
certain illusions of orientation.” 

Trowbridge (14) has formulated two 
methods of orientation which he calls 
ego-centric orientation and domi-cen- 
tric orientation. The ego-centric is 
that method which is generally used 
by civilized man. In this there is an 
intersection of lines at the ego going 
out to the cardinal points of direction. 
That is, a man’s own body is his 
center for all space. The domi-centric 
is a method used by birds, mammals, 
fish, and even young children whereby 
orientation is established with 
reference to some external object 
which is usually the “home.” How 
ever, the orientation system which 
man uses is very complex and is 
probably a combination of both of 
these two methods. The conscious- 
ness of “body sense position” has 
arisen gradually to the final form 
found in adults. Yet it should not 
be considered an innate faculty but 
one that is furnished by the sum total 
of various senses. 

Trowbridge states that birds be- 
cause of the phenomena of lateral 
vision have an advantage over man 
in the maintaining of bodily orienta- 
tion. The bird as it moves through 
unfamiliar space depends on the sub- 
conscious summing up of space rela- 
tions which are immediately about it. 
He says that the importance of lateral 
vision to near-by orientation has not 
heretofore been properly emphasized. 
Williams (17) in discussing Trow- 
bridge’s article says: “Distance is 
judged by relative displacement. 
This should be considered in any 
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theory of orientation implying a sense 
of direction.” 

Closely related to these problems of 
spatial perception and bodily orienta- 
tion are the experiments which have 
been carried on with the purpose of 
studying the delayed reactions of 
animals and children. Hunter (5) 
states that the delayed reaction prob- 
lems can be solved in two ways: “By 
maintenance of bodily orientation in 
whole or in part during the interval of 
delay or by the chance recovery of the 
proper orientation just at the moment 
of release; or by some intraorganic 
factor (non-orientation) non-observ- 
able to the experimenter.” 

If the animal solves the problem by 
the first method he is responding in 
agreement to his bodily orientation 
but if he solves it by the second method 
it is not in agreement with orientation. 

In the experiments which Hunter 
carried out he kept a detailed record 
of the direction in which the animal in 
the problem box was orientated. The 
release box in which the animals were 
released was large enough so that the 
animals were free to take up any 
position and maintain a certain bodily 
orientation. He states that in no 
case where an animal depended upon 
use of orientation as a cue, did he begin 
the use of non-orientation factors for 
cue. Hunter’s experiments show the 
following results in regard to 
orientation: 

Rats in order to make the correct 
responses must maintain gross bodily 
orientation. If the bodily orientation 
is lost, any of the lighted boxes may 
be entered. Dogs follow the orienta- 
tion of the head making the correct 
responses regardless of which box is 
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nearest. Racoons made two types of 
responses: (a) Several made correct 
reactions when bodily orientation was 
the cue for the response; (b) Some 
other raccoons made correct response 
in which bodily position did not enter 
as a cue for the response. In these 
cases some intra-organic factor (non- 
orientation) must have been respon- 
sible for the reaction. Children made 
correct response where bodily position 
was not kept constant during the in- 
terval of delay and therefore solved 
the problem by some other means 
which Hunter believes were of an 
ideational nature. 

Although spatial perception has 
been treated in psychological dis- 
cussions since the beginning of psy- 
chology, not very much experimental 
work has been done in the field. 
Various theories have been advanced 
concerning the origin and growth of 
spatial perception. Child psychology 
serves as a logical basis for the begin- 
ning of the study of this complex func- 
tion. Little actual experimental work 
has been done in the field of child 
study in space perception. From 
those investigations which have been 
carried on the conclusions reached are 
that the young child early begins to 
form a conception of spatial relation- 
ships to the right and left, up and 
down, or backward and forward. 

Bodily orientation or sense of posi- 
tion is a factor which develops gradu- 
ally. Itis influenced by many factors. 
The adult regards himself as center of 
his own space and his regard of ex- 
ternal objects is always in relation to 
his own individual space. Even in 
the very young child there is a con- 
sciousness for sense of position. How- 
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ever, the child regards external ob- 
jects as a center of space. Delayed 
Reaction experiments have shown that 
rats, dogs, and some raccoons use 
bodily orientation as a cue to the 
reaction. Some raccoons and all chil- 
dren use some other factor which 
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signed for this experiment (Diagram I) 
and to note any factors which seem to 
influence ability to make successful 
placements. The effects of orienta- 
tion was measured by changing the 


position of the easel in relation to the 
child. 













































































Diagram I 


Hunter has named intra-organic (non- 
orientation) as a cue for the response. 


PROBLEM 


The purpose of this study was to 
determine the effect of bodily orienta- 
tion upon memory for spatial place- 
ments of wooden rings on an easel de- 


METHOD 
Positions of easels 


After a preliminary experiment with 
33 children, 9 positions of the easel 
were selected to be used in the study. 
In two of the positions only one easel 
was used; in all the others two easels 
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were used, one for the child and one 
for the experimenter. The 9 positions 
arranged in the order of their seeming 
difficulty follow. In figures accom- 
panying list of positions: 1 indicates 
position of child as examiner places 
ring; 2 indicates position of child as 
he places his ring. 
1. One easel 
1,2 


2. Two easels parallel to each other 
1 2 


3. Two easels at right angles re- 
quiring one quarter turn to the right 
1 
2 
4. Two easels at right angles re- 
quiring one quarter turn to left 
l.* 
2 


5. Two easels at right angles requir- 
ing three-quarter turn to left 
2| 


1 
6. Two easels at right angles requir- 
ing three-quarter turn to right 
|2 


7. Two easels one behind and a 
little to the right of other 
9. 


1 
8. Two easels facing each other 


1 

2 

9. One easel requiring movement 
to the opposite side of the easel 


1 
The easel upon which the experi- 
menter placed her ring was kept in a 
constant position throughout the 
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study, while the easel upon which the 
child placed his ring was changed to 
form the various positions. The two 
exceptions are positions 1 and 9 in 
which the same easel was used by 
both the experimenter and the subject. 


Placement of rings on easels 


Diagram II gives the twenty place- 
ments used. They were as follows in 
order of arrangement on the chart: 


oO 
2 


Diagram II 


Four corner placements (1, 2, 3, and 4). 

Two center placements (5 and 6). 

Four middle placements (7, 8, 9, and 10). 

a. Middle of the right side. 

b. Middle of the left side. 

c. Right center of the top side. 

d. Left center of the bottom side. 

Two placements on the left side (11 and 
12). 

a. Two places up from the middle. 

b. One place down from the middle. 

Two placements on the right side (13 
and 14). 

a. Two places up from the middle. 

b. One place down from the middle. 
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Two placements diagonally from the 
corners (15 and 16). 

a. Upper left corner down. 

b. Lower right corner up. 

Four placements off center (17, 18, 19, 
and 20). 

a. Two places up right. 

b. Two places down left. 

c. One place up left. 

d. One place down right. 


Subjects 


Thirty-two children attending the 
nursery school of the Institute of Child 
Welfare at the University of Minne- 
sota served as subjects in this study. 
Not all children completed all nine 


TABLE 1 
Number of positions completed 
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1.Q.’s for the entire group ranged 
from 82 to 168. 


Sex 


The group was divided into 18 girls 
and 14 boys. The experiment was 
planned to include an equal number 
of each sex, but because some children 
showed negativism they could not be 
used successfully. 


Interval between trials 
Children were tested on alternate 
days as consistently as attendance 


TABLE 2 
Number of children completing each position 





POSITION CHILDREN 





TOTAL NUMBER OF 
POSITIONS COMPLETED 


TOTAL NUMBER OF 
CHILDREN 





2 





Total number 32 








positions because of extended ab- 
sences due to illness or withdrawal 
from the nursery school. Table 1 
gives the number of children who com- 
pleted the series of positions, and table 
2 the number completing each position. 

The children ranged in age from 
two to five years and were divided 
into three age groups, 12 children 
from 2 years 3 months to 3 years 5 
months composed the three year 
group; 12 children from 3 years 6 
months to 4 years 4 months composed 
the four year group; 8 children 4 
years 6 months to 4 years 11 months 
made up the five year group. 


I 

II 
Ill 
IV 

Vv 

VI 
VII 
VIII 
IX 





Total positions 








permitted until the nine positions 
were completed. All children finished 
the series within three weeks with the 
exception of three children who 
finished within four weeks. 


Time of day 


Of the total of 272 trials 233 were 
given in the morning between 9:00 and 
11:15; and 39 trials were given in the 
afternoon between 2:30 and 3:30. 


Elimination of practice effect 


(a) Position. In order to distribute 
the effect of practice equally upon all 
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nine positions, each position was given 
first to three or four children. Posi- 
tions I, II, VIII and IX were given to 
3 children first, and the remaining 
positions, III, IV, V, VI and VII were 
given to 4 children first. After the 
first definite position for each child, 
the remaining positions were given in 
chance order. 

(b) Placement. Since there was 
also a possibility that practice might 
influence the success of the correct 
placing of the ring on the easel, the 
twenty placements were not presented 
to the child in consecutive order. 
Twenty different arrangements of the 
twenty placements were made so 
that each of the twenty placements 
occurred in the first, second, third, 
fourth, fifth, . . . . twentieth place 
in the series of twenty arrangements. 
Because there were more than twenty 
children used in the study each of the 
first twelve arrangements were given 
to two children and the other eight 
arrangements to only one child. Thus 
the experimenter had a definite order 
of presenting the placements to each 
individual child. 

It was thought that the younger 
children might not codperate if the 
placements which were given first 
were too difficult for them. Since 
the four corner placements were ex- 
pected to be least difficult the arrange- 
ments which began with these place- 
ments were assigned to these children. 


Testing room 


The study was carried on in which- 
ever research room was available at 
the time. All rooms are equally 
familiar to the children; thus the fact 
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that the same room was not used all 
the time had no significant influence 
upon the response of the children. 


Interval between the experimenter’s and 
child’s placement 


The time elapsing between the ex 
perimenter’s placing of her ring on the 
easel and the child’s placing of his 
ring was never less than five seconds. 


PROCEDURE 
Situation 


The easels were always arranged in 
the proper position for the trial before 
the child was asked to come into the 
room. The child was invited to come 
and play a game with the experi- 
menter. In most cases one of the 
nursery school teachers told the child 
that Miss E. had asked him to play 
with her. 


Directions 

When the child came into the room 
for the first time the examiner said to 
him, “This is my little house (point- 
ing to experimenter’s easel). Now I 
am going to put my ring right here in 
my house and I want you to put your 
ring just like mine in your house.” 
If the child did not seem to understand 
after the first trial the directions were 
repeated. 

After the first time the child was 
told, “Today this is your house in 
this place, and I want you to put your 
ring just as I do in my house.” Since 
the child’s attention was inclined to 
waver after each placement, the ex- 
aminer said, ‘Look where I am going 
to put it this time.” 
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Length of time 


The time required for making 
twenty placements at each trial was 


approximately five minutes for each 
child. 


Incentives 


Since after a few trials the game it- 
self was no longer an incentive, though 
the children did not object to playing 
it, three kinds of incentives were used 
in consecutive order. First, the ex- 
perimenter drew a simple outline pic- 
ture of a house on a piece of paper 
which the child was allowed to keep. 
In order to keep interest at its height 
and to avoid any effect of indifference, 
a drawing of a wooden ring on a simi- 
lar piece of paper was next used. 
Before the children became tired of 
this, the experimenter gave them cut- 
out paper rings of a different color 
each day. 


RESULTS 


The delayed reaction experiments 
which have been carried on with 
animals and children have shown that 
some animals and all children use some 
factor other than bodily orientation 
as a cue to the reaction. No one has 
actually attempted to determine the 
effect of bodily orientation upon 
memory for position of objects. The 
ability to adapt to spatial relationships 
is present in some degree in young 
children, as may be judged from their 
early ability to adjust themselves to 
space. Whether this ability in young 
children is affected by change in bodily 
position, or whether it is a constant 
ability may be solved only by empiri- 
cal methods of study. There may be 
age differences in the effect which 
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a change in bodily position has upon 
memory; that is, older children be- 
cause of their greater experience or 
because of their actual age may be 
more or less affected through the 
setting of habits of reaction than 
younger children. 


Effect of Change in Position 


By tabulating the number of correct 
placements for each of the nine bodily 
positions, the order of difficulty of 
these positions was determined. 


TABLE 3 


Relative difficulty of nine orientation 
positions 





TOTAL 
NUMBER 
CORRECT 


OREDR OF 
DIFFI- 
CULTY 


POSITION 





I 534 

II 200 
III 165 
IV 135 

V 154 

VI 147 
VII 211 
VIII 92 
IX 48 


17.82 
6.45 
5.55 
4.96 
5.43 
4.64 
6.86 
3.71 
1.81 


2.65 

3.501 
2.823 
2.501 
3.162 
2.440 
3.333 
1.412 
1.201 











CoOnNnNOAr We 








Position I, in which the child placed 
the ring upon the experimenter’s easel 
after she had removed her ring, was 
found to have the largest number of 
correct placements. From this it 
may be judged to be the easiest 
position, since there were three times 
as many correct placements as in the 
position having the next highest num- 
ber of correct placements. Positions 
II and VII which are the two parallel 
positions, were of approximately equal 
difficulty as judged by average number 
of correct placements. Positions III, 
IV, V and VI, the four right angle 
positions were also of approximately 
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equal difficulty, as evident from the 
similarity of average number of correct 
placements. Position VIII, in which 
the child’s easel faces the examiner’s, 
was slightly more difficult than the 
positions involving only a partial turn 
to the right or left. Position IX, 
which required the child to place his 
ring on the reverse side of the ex- 
aminer’s easel, was the most difficult, 
the average number of correct place- 
ments being less than two. The 
standard deviations of all the positions 
show very nearly equal variability of 
the children in the nine orientation 
positions. 

These data seem to indicate that 
the more change in bodily position 
the child makes, the more difficult it is 
for him to put his ring in the proper 
place. Thus it may be inferred that 
bodily orientation has a distinct in- 
fluence upon memory for placement 
of rings upon the easels used in this 
experiment. 

In order to determine whether or 
not the test was of equal difficulty for 
all children the reliability of the diffi- 
culty of the nine orientation positions 
was found to be +.88, which is sig- 
nificantly high. This was computed 
by correlating the total number of 
correct placements for the odd num- 
bered children with those for the even 
numbered children on the nine orien- 
tation positions. There may be fac- 
tors other than a change in bodily 
position involved in this ability to 
remember ring placements. In other 
words, the influence of bodily posi- 
tion may be in part dependent upon 
chronological age, mental age, I.Q or 
sex of the subjects. 


Chronological age 


The influence of chronological age 
upon the effect of a change in bodily 
position is shown in Table 4 in which 
the subjects are grouped according 
to three ages, 3 years, 4 years, and 5 
years. 

There is a general increase in the 
average number of total correct place- 
ments from age group to age group. 
There is not, however, an equal in- 
crease between the 3 and 4 year olds 
and the 4 and 5 year olds, indicating 
possibly that the ability to make 
proper placements develops early and 
rapidly and does not show a constant 
increase. This seems to follow the 
general curve for mental growth 
which is characterized by negative 
acceleration. With more cases a con- 
clusion could be made regarding that 
part of the developmental curve 
which falls between the ages of 21 
and 59 months. 

There is no consistent nor equal gain 
on the nine individual positions among 
the three age groups. However, there 
are no losses in total number of correct 
placements between age group I and 
II, while there are losses rather than 
gains for three of the nine positions 
between age groups IJ and III. Also, 
the gains are greater on the average 
between groups I and II, indicating 
that the large differences found be- 
tween the average gains in total num- 
ber of correct placements between 
groups I and II and groups II and 
III are not a matter of one or two 
positions only, but seem to be dis- 
tributed quite equally over the nine 
positions. This suggests that the 
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function involved is unitary; the nine 
positions merely representing different 
levels of difficulty along a given curve. 


of the child; but there also seems to be 
an indication that there are other 
factors which influence this ability. 


TABLE 4 
Distribution of correct placements according to chronological age 





NUMBER 
OF 
CHILD- 
REN 


RANGE 


TOTAL MEAN TOTAL 


NUMBER | NUMBER 
CORRECT | CORRECT 


INCREASE AVERAGE NUMBER 
CORRECT 


AGE GROUP NUMBER 


CORRECT 





525 
672 
474 


I. 3 years (27-31 months) 12 
II. 4 years (42-52 months).......} 12 
III. 5 years (54-59 months) 8 


43.75 
56.00 
59.24 


24-68 
39-82 
54-98 


Group I to II, 12.25 
Group II to III, 3.24 




















TABLE 5 
Distribution of correct placements according to position and chronological age 





II 
3 YEARS 4 YEARS 


POSITION 


III AVERAGE GAIN IN NUMBER 
5 YEARS CORRECT 





Mean num- 
ber correct 


Mean num- 


8.D. ber correct 


Mean num- 


Group 
ber correct 


Group 
I toll II to III 





15.66 17.16 
5.00 


3.00 


IX 1.41 














17.37 +1.50 + .21 


7.87 +2.83 + .04 


+2.33 +1.54 
+2.16 —.41 
+0.75 
+2.00 
+1.42 
+0.08 


+0.90 

















The correlation between chronologi- 
cal age and the total number of correct 
placements for the nine orientation 
positions is .77 + .05 as computed by 
the Spearman rank order method. 
There is, evidently, some relationship 
between the ability to make proper 
placements and the chronological age 


Mental age 


The correlation between mental age 
and number of correct placements is 
.758 + .05. This indicates approxi- 
mately a relationship equal to that 
found between chronological age and 
number of correct placements. 
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Specific ability 


Since chronological age, mental age, 
and I. Q. seem not to be wholly re- 
sponsible for the ability to make cor- 
rect placements, there is indication of 
specific ability to remember the rela- 
tionship of the ring to the easel. By 
correlating the total number of correct 
placements on all positions for the 
even numbered placements with the 
total number of correct placements on 
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Sex 


Whether there is a significant differ- 
ence between boys and girls in this 
study is shown by the average num- 
ber of correct placements for each sex. 
Girls 
52.40 
14.66 


Boys 
Mean number correct. . .50.00 
10.53 


No significant sex difference is found, 
except that girls seem to be more 


TABLE 6 
Classification of errors 





SYMMETRICAL ERRORS 
POSITION 


ERRORS IN ROW 


ERRORS IN COLUMN 





Right Up Down 


Down Right Left 





VIII 
Ix 


78 15 6 
98 165 110 
126 130 129 
145 124 
152 94 
89 144 
69 132 
172 131 
194 168 


166 
126 
142 
154 





Total... 


1,023 [1,103 | 1,059 





Mean...| 74.0| 75.6 





























24.6) 113.5) 122.5) 115.4 








all positions for the odd numbered 
placements, the reliability of the 
problem as a measure of the particu- 
lar ability involved for the various 
children is found to be .96. This 
seems to indicate, as suggested above, 
that there is a special ability in the 
young children used in this study, 
since the discrepancy between the 
reliability of the test as a measure of 
the orientation ability of the children 
and the correlation with either chrono- 
logical age or mental age is greater 
than would be expected by chance. 


variable than boys. This difference 
too is within the limits of chance. 


Classification of Errors 


Errors were classified into six groups 
as follows: 

1. Symmetrical Errors—(i.e. rever- 
sal of placement, right and left—up 
and down). 

2. Errors in Row—Number of 
places wp (column correct). 

3. Errors in Row—Number of 
places down (column correct). 
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4, Errors in Column—Number of 
places to right (row correct). 

5. Errors in Column—Number of 
places to left (row correct). 

6. Random Errors—Error in both 
row and column and non symmetrical. 

Little difference is observed between 
the tendency to reverse a right posi- 
tion and the tendency to reverse a 
left position as is evident by the slight 
difference in averages, 74.0 and 75.6. 
It is interesting to note that there 
were no symmetrical errors up or 
down, which indicates that the young 
child distinguishes between up and 
down more successfully than between 
right and left. This is also indicated 
by the difference when the average 
number of errors in row are compared 
with the average number of errors in 
column. An average of 46.8 errors 
were made up and down, while an 
average of 236.00 errors to the right or 
left were made. The average number 
of errors up almost equals the average 
number of errors down; the difference 
is probably due to chance. The 
difference in the average number of 
errors to the right or left is also prob- 
ably due to chance, since the actual 
difference is only 9 points for 1000 
errors, while the actual difference 
between errors up and down is 2.5 
points for two hundred errors. Ob- 
viously the relation is practically the 
same in the two cases. 

The reliability of the difficulty of 
the twenty placements on the easel 
(sum of all the nine orientation posi- 
tions) as determined by correlating 
the number of correct placements for 
oad numbered children with the num- 
ber of correct placements for even 
numbered children, is .936, which 
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indicates that the placements show a 
reliable difference in difficulty for all 
the children in this study. 


Difficulty of placements 


Table 7 presents the number of 
times each of the twenty placements 
was made correctly. The twenty 
placements were divided into four 
separate categories: 1. The four cor- 


TABLE 7 
Difficulty of twenty placements 





PLACEMENT 
NUMBER 


TOTAL NUM- 
BER CORRECT 


PERCENTAGE 
CORRECT 


ORDER OF 
DIFFICULTY 





118 
118 


43 .30 
43.3 
40.4 
40.7 
23.5 
19.8 
21.3 
24.2 
34.5 
37.1 
34.9 
28.6 
34.5 
23.1 
23.5 
19.4 
28.6 
25.6 
18.7 
23.7 


19.5 


CONOorhwWNW 














ner placements (Placements 1, 2, 3, 
and 4); 2. The six marginal side place- 
ments other than the corners (Place- 
ments 7, 8, 11,12, 13 and 14); 3. The 
two marginal top-bottom placements 
other than the corners (Placements 9 
and 10);4. The eight inside placements 
(Placements 5, 6, 15, 16, 17, 18, 19 
and 20). Table 8 shows the per- 
centage of correct placements and the 
standard error for each of the four 
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categories. This table indicates that 
the four corner placements had the 
highest percentage of correct place- 
ments with a small standard error. 
The marginal placements were next 
in difficulty, the top-bottom place- 
ments, having a larger standard error, 
indicate a greater variability. The 
inside placements were decidedly the 
most difficult the standard error show- 


TABLE 8 


Percentage of correct placements in four 
categories 





| PERCENT- 
AGE 
CORRECT 


CATEGORIES OF POs<7!I°o™S 





I. Four corner 

II. Marginal side 
(Other than 
corner) 

III. Marginal top-bot- 
tom (other than 
corners) 

IV. Central 


.420 











TABLE 9 
Relation between the actual differences and 
the standard error of the difference in per- 


centages of correct placements in four 
categories 





CATEGORIES 1 





2 2.1 
3 2.37 76 
4 7.5 9.30 5.29 





ing a small variability for the children 
of the study. 

In order to determine if the differ- 
ence between the percentages of cor- 
rect placements was significant the 
standard error of the difference of the 
percentage of correct placements of 
the four categories was calculated and 
the actual difference in percentage was 
divided by the standard error of the 
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difference. Table 9 indicates that 
there is a significant difference between 
each of the four categories of place- 
ments; they were not, therefore, of 
equal difficulty. The difference be- 
tween the corner placements and the 
marginal side placements is twice 
(2.1) its standard error which indi- 
cates a significant difference in diffi- 
culty of these two types of placements. 
Marginal side placements and mar- 
ginal top-bottom placements were of 
approximately equal difficulty, the 
difference of percentage of correct 
placements being only .76 that of the 
standard error of the difference. The 
difference between the corner place- 
ments and the inside placements has 
a highly significant ratio (17.5). 
There is also a significant difference 
between marginal side and central 
placements and between marginal 
top-bottom and central placements as 
shown by the ratios 9.30 and 5.29 re- 
spectively. Thus it can be said that 
the four corner placements were the 
easiest; the marginal-side placements 
ranked next in difficulty, with the 
marginal top-bottom placements show- 
ing almost equal difficulty, and the 
inside positions being the most 
difficult. 

The data of this study may be inter- 
preted in the light of some of the 
theoretical conclusions which have 
been advanced in regard to spatial 
relationships and change in bodily 
position. According to Stern (11) 
the child of one year can distinguish 
“far” and “near,” “above” and “be- 
low,” “right”? and “left.” The data 
of this study show that all the children 
used in the study had some grasp of 
spatial relationships since no child 
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failed any single placement in all nine 
positions. Even in the youngest child 
some ability to grasp spatial relation- 
ships was already present. Stern (11) 
also points out that the child’s mas- 
tery of space is not perfect in these 
early years and that there are many 
misconceptions of spatial relations. 
Data of the study confirm this by the 
various types of errors which were 
made. That this spatial conception 
develops with age is indicated by the 
increase in the total number of correct 
placements for each of the three age 
groups of the study. 

Koffka (7) also asserts that the 
ability to adjust to spatial relation- 
ships is early evident in young chil- 
dren. He believes that adjustment, 
however, is a process of maturation. 
Since there is an increase in the total 
number of correct placements with 
increase in age it suggests that this 
may be a process of maturation. 

Stern (11) presents the idea that 
the tactual-motor action may be an 
aid in the child’s conception of spatial 
relations. In this study the child not 
only was able to see the easel with the 
ring in the proper place but also he 
was required to duplicate the con- 
figuration (to use Koffka’s term) which 
he saw. This motor association with 
the visual perception may have helped 
to increase his ability to make a 
correct placement of the ring. 

Results of the study are in close 
agreement to those found by Meyer 
in the experiment previously men- 
tioned. In this study there was also 
a tendency toward error; the errors 
which were recorded were especially 
those of reversal of right and left side 
(symmetrical errors) and error in 
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which the ring was placed in a pcsition 
neighboring to the original. 

Stern (11) in his discussion dealing 
with the child’s sense of position says 
that in human beings the individuals 
own body is his center of space; thus 
one’s conception of right, left, up, and 
down are in relation to one’s own 
body. Trowbridge, however, states 
that young children do not use their 
own body as a center of space but that 
they use some external object as a 
point of reference. The data of this 
study seem to be in agreement with 
Trowbridge. In Positions I, VII and 
II where the child was not required 
to make any bodily turn there was a 
greater number of correct placements 
which may mean that the point of 
reference was consistant for these 
positions. In Positions VIII and IX 
where the child was required to make 
a complete turn of body in order to 
place the ring correctly we find a 
tendency for a much greater number 
of symmetrical errors. This may 
indicate that some external factor was 
used as an orientation cue for the 
correct placing of the ring. Thus 
when there was a complete turn of the 
body the reversal of right and left 
was the most frequent error. Here 
then is the tendency to put the ring 
on the same side of the easel as that 
on which the experimenter had her 
ring; thus the child was not able to 
make the distinction between right 
and left. The corner and marginal 
placements were decidedly easier than 
the inside placements. This may in- 
dicate that the children of this study 
used some external object as a point of 
reference rather than their own bodies. 

Results of the study confirm the 
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statements which have been made in 
regard to the fact that young children 
distinguish between up and down 
earlier than between right and left. 
The classification of errors shows 
there are more errors made to the right 
and left than up and down. This 
fact may also be indicative of an 
external point as center of space 
which in this case might possibly be 
the floor. 

That there is an ability for young 
children to adjust themselves to spa- 
tial relations is evident from the data 
of the study. That this ability is 
affected by change in bodily position 
is shown in data indicating that more 
correct placements were made in those 
positions where the child was not re- 
quired to make any bodily turn. 
Those positions necessitating a turn 
of 360 degrees were the most difficult, 
while those requiring only a partial 
turning were between the extremes in 
difficulty. It would seem from this 
that the amount of turning affected 
the correct placement of the rings. 
Data seem to indicate by the number 
of errors made to the right and left 
that the child uses some point of 
reference external to his own body as 
a center of space. The fact that there 
are more errors made to the right and 
left in comparison to errors made up 
and down confirms the frequently 
made statements that the young child 
distinguishes between up and down 
earlier than between right and left. 


SUMMARY 


The purpose of this study was to 
determine the effect of bodily orienta- 
tion upon memory for spatial place- 
ments of wooden rings on an easel 
designed for this experiment, and to 
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note any factors which seem to influ- 
ence ability to make successful place- 
ments. 

Positions 

The two most difficult positions 
were those which necessitated a com- 
plete turn of 360 degrees on the child’s 
part; they were the situation in which 
the reverse side of the easel was used, 
and that in which the two easels faced 
each other. The easiest positions were 
those which required no turning of the 
child’s body in order for correct place- 
ments to be made. The positions 
between the extremes in difficulty 
were those requiring the child to make 
a turn of 90 or 180 degrees. The re- 
liability of the difficulty of the nine 
positions for the 32 subjects was .88. 

There was a general increase with 
age in the total number of correct 
placements for the nine positions, 
although the increase was not equal 
or consistent between the age groups 
used in this study. The correlation 
between chronological age and the 
total number of correct placements is 
77 + .05. 

Since a reliability coefficient of .96 
was found for the problem as a measure 
of the particular ability involved there 
may be an indication that bodily 
orientation is a special ability in the 
children used in this study. The 
correlation between mental age and 
the total number of correct placements 
is .758 + .05. 

There were no significant sex dif- 
ferences found in the study. 


Placements 


Little difference in symmetrical 
errors to the right or to the left were 
evident; no symmetrical errors up and 
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down were made. There was a greater 
tendency to make errors to the right 
and left than to make errors up and 
down. A reliability of .936 was found 
for the difficulty of the twenty place- 
ments on the easel in the nine posi- 
tions. The four corner placements 
were found to be the easiest and the 
marginal placements were next in 
difficulty, although the difference be- 
tween the two were within the limits 
of chance. The inside placements 
were found to be decidedly the most 
difficult for the children of this study. 
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Conclusion 


The data in this study indicates 
that change in bodily position does 
affect the memory for position of ob- 
jects. This was shown by the decrease 
in the number of correct placements 
made in those positions which required 
either a partial or a complete turn of 
the body. The evidence is that the 
greater the amount of bodily change 
the fewer the number of correct 
placements. 
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A Slide Rule for Calculating Ages’ 


JUNE F. ConsTaNTINE 


ARELY is a research problem 
R completed in the field of child 

development and education 
without harking back to the arith- 
metic processes for changing years 
to months and months to days in 
which we were drilled so assiduously 
in the sixth grade. In fact, prac- 
tically every field of research today 
takes into account the span of time 
as an important factor, whether it 
be for humans, animals, or inanimate 
objects. 

The two main age problems which 
face the worker in child development 
are: (1) How old were these children 
on a certain date? (2) How old was 
this child on various dates? The slide 
rule to be discussed was constructed 
to solve either of these two problems 
with a minimum amount of time and 
error. Further research has shown 
that it can handle adequately many 
more. 

Since the research worker generally 
uses a thirty day month, it is possible 
to use equal divisions on all the scales. 
In order to simplify the matter further, 
a table of yearly increments was de- 
vised. Table 1 is a section of this 
table. At first glance there is a con- 
sistent error of one year in this table. 
This was done purposely as the prob- 

1 From the Iowa Child Welfare Research 


Station, State University of Iowa, Iowa 
City, Iowa. 


lem was then simplified into one of 
always adding the increment as shown 
on the instrument to the yearly incre- 
ment. That is, two persons born on 
June 3, 1909, and December 4, 1909, 
respectively, would have on September 
22, 1930, an age of twenty plus the 
amount on the scale. The increment 


TABLE 1 
Yearly increments 





YEAR OF MEASUREMENT 





YEAR OF 
BIRTH 


1929 | 1930 | 1931 | 1932 | 1933 | 1934 





Increments 





or NWR OID “I 
or NW Ww RF OI “IO 
eNO wrR OIDs © © 
Nwr OIDs! 0 © © 























added for the former would be 1 year, 
3 months, 19 days; for the latter 9 
months, 18 days. If actual year ages 
were taken the latter would have been 
21 years (thirty minus nine) less 2 
months, 12 days. However, it is 
generally accepted that consistent 
repetition of an act produces a mental 
set which is more conducive to accu- 
racy and speed than the shifting back 
and forth between two activities. 
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Hence, it is better to add consistently 
since addition is the fundamental 
arithmetic process. 

The calculator is made on the order 
of a very simple slide rule with four 
scales, two of which are on a center 
slide. In attacking a specific problem 
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A child born on April 1, 1922, is 7 
(1930 minus 1922 minus 1) years plus 
1 year, 7 months, 15 days of age. To 
obtain the increment 1-7-15 look on 
Scale B above 4-1 (April 1) on Scale 
A. The point is midway between 1-7 
and 1-8 or 1-7-15. A child born on 
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only two of the four scales are used at 
a time. Thus if one measures forty 
children on November 15, 1930, and 
wishes to record their ages, place an 
end point of the sliding scale above 
11-15 on Seale A (fig. 1). This is all 
the setting the instrument requires. 


March 23, 1906, is 23 (1930 minus 
1906 minus 1) years plus 1 year, 7 
months, 22 days. And so on for all 
children born before November 15. 
For those born after November 15, set 
the other end point of the slide above 
11-15 (fig. 2) and proceed in a like 
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manner using the increment from 
Scale C. A birth date of December 8, 
1915, gives an age of 14 years plus 11 
months, 7 days. If ages are desired 
only to the nearest month, one can tell 
at a glance on which side of the half 
mark the age will fall since 6 months, 
15 days is 6 months, while 6 months, 
16 days is 7 months. 

Our second important problem is to 
ascertain the age of a given child on 
any day or days, or to discover when a 
child will have a required age. This 
might well come up in a study involv- 
ing repeated measurements. 

Take a child who was born on March 
8, 1916. Set an end point of the slid- 
ing scale below 3-8 on Scale D (fig. 3). 
The child’s age on June 1, 1920, as 
read from Scale B is 3 (1920 minus 
1916 minus 1) plus 1-3 equals 4 years, 
3 months; on November 15, 1926, 9 
(1926 minus 1916 minus 1) plus 1 
year, 8 months equals 13 years, 8 
months respectively. The child’s age 
on January 15, 1918, and February 6, 
1930, will be found by setting the 
other end point under 3-8 (fig. 4) and 
taking the increment from Seale C. 
The ages would be 1 plus 10 months or 
1 year, 10 months, and 13 plus 11 
months equals 13 years, 11 months 
respectively. 

One might well ask if this is an im- 
provement over other methods of cal- 
culating ages. To date, the writer 
knows of only two other ways,’ the 
arithmetic process and the Engle- 
hardt-White Age Calculator. The 


2Since this study was conducted the 
writer has found another age calculator, the 
Young Age Calculator, which calculates 
ages to the full month rather than to the 
nearest month. 
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Englehardt-White Age Calculator is 
built to give ages to the nearest first of 
any month or as of September 1 or 
March 1. There are two sectors on a 
revolving scale, one for finding age as 
of September or March first and the 
correction to the month sector. Nu- 
merous tests have been conducted to 
discover their relative merits, from the 
standpoint of speed and accuracy. 
The subjects consisted of two staff 
members of professorial rank, two re- 
search assistants, one each from child 
development and psychology of music, 


TABLE 2 
Comparison of the slide rule arithmetic and 
Englehardt-White calculator methods 





ENGLEHARDT- 
WHITE AGE 
CALCULATOR 


SLIDE RULE | ARITHMETIC 





Time |Errors|} Time |Errors} Time | Errors 


min- min-~ ° 
utes utes minule 


7 9 
12 12 15 
11 20 

6 7 13 

9 14 
25 13 
18 13 























two clerical assistants, and the author. 
With the exception of D, all the sub- 
jects were timed on the use of the slide 
rule ten or fifteen minutes after they 
had seen it for the first time. 

Distribution of time required and 
errors made by each of seven subjects 
in computing forty ages by the meth- 
ods listed is given in table 2. 

The test consisted of a list of forty 
birth dates for which the age was to be 
computed for a given date, June 15, 
1930. The birth dates were taken at 
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random from record cards. June 15 
was chosen since there would then be 
even chances of having to borrow 
months or days in using arithmetic. 

The two tests of the Englehardt- 
White Age Calculator were made by 
persons who had used it a great deal 
and were familiar with its limitations. 
Even with the utmost care, however, 
it seems almost impossible to compute 
the ages accurately to a month. 

A glance at the table will show that 
in over one-half of the cases the time 
was cut and the errors reduced when 
using the slide rule. The consensus 
of opinion of the last three subjects 
was that a little more practice in read- 
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ing the scale would be a great help 
since they had never before come in 
contact with any type of slide rule. 
As it was, half of the errors in using 
the slide rule were made in obtaining 
the yearly increment incorrectly. 

Even if there had not been a notice- 
able increase in speed and accuracy 
between using the slide rule and arith- 
metic in this short experiment, there 
would still be the question of efficiency 
over a protracted period of calculating. 
There is reason to assume that the 
fatigue point would be reached much 
later when using this device, just as 
in using other mechanical computing 
devices. 





Some Conditions in the Dentition of 


Preschcol Children 


S. Ipett Pyue anp Cuarues L. Drain 


URING the last four years 
ID dental examinations have 

been made annually of those 
children who have attended the pre- 
school laboratories of the Iowa Child 
Welfare Research Station. The exam- 
ination included a notation of the 
number of teeth erupted and shed, in- 
spection for cavities, fissures and ab- 
normalities of the teeth, and an esti- 
mation of the general condition of the 
mouth. These data have been sum- 
marized to demonstrate the condition 
of the first dentition of the preschool 
child, and present another phase of 
the development to supplement that 
phase as previously described by their 
physical measurements (1). 

One hundred and eighty-four boys 
and 189 girls were examined. The 
children came from homes where in- 
formation and resources for proper 
health and dental instruction were 
easily available. They ranged in age 
from 18 months to 77 months inclusive. 
They were divided into age groups, the 
two-year age group consisting of those 
children between one year, six months, 
and zero days and two years, five 
months, and twenty-nine days. By 
this division the greater number of 
the children were in the four- and five- 
year-old groups. 


The age distribution of children 
having examinations was as follows: 




















ANALYSIS OF DATA 
Eruption and shedding of teeth 
At the outset examinations were 


made chiefly to advise the parents 
about the condition of the teeth 


TABLE 1 
Mean number of teeth erupted at two and three 
years of age 





BOYS 





Mean P.E.y 





17.41 68 16.16 


As 0.38 
19.59 | 0.89 19.61 


0.94 











already erupted. Hence, while the 
number of teeth erupted was recorded, 
no emphasis was placed upon the order 


of eruption. As the work progressed 
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this item was included, but not enough 
information has been collected to date 
to include it in this discussion. 

All children in the four-, five-, and 
six-year groups had their first denti- 
tion. It is interesting to note that 
only 2 boys and 4 girls had shed any 
teeth by 6 years and 6 months of age. 
Seven boys and 7 girls had two or more 
of the first permanent molars erupted. 
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considered significant. The ratio was 
0.38 for the two-year-old children, 
and showed that there was not a 
significant sex difference between the 
boys and girls in the age at which 
their teeth were er:pted. Of the 
boys, 22.7 per cent had 20 teeth 
erupted, but only one girl had thefirst 
full denture. The difference between 
the three-year-old boys and girls 


TABLE 2 
Mean, standard deviation, and probable error of themean of the number of cavities per child and 
the number of teeth affected, and the percentage of each age group having defective teeth 





CAVITIES PER CHILD 


NUMBER OF TEETH AFFECTED 





PEy 


Mean 


sp. 


P.E.y 





Boys 





1.00 
0.91 
2.16 
5.75 
3.94 


per cent 
18.2 
23.5 
42.8 
73.3 
68.4 


0.21 
0.26 
0.40 
0.52 





Girls 





0.00 
0.65 
2.96 
4.89 
6.64 














0.00 
0.51 
2.14 
3.22 
4.14 


0.00 
0.13 
0.25 
0.37 
0.82 














The earliest age at which their erup- 
tion was noted was at 61 months. 

Table 1 shows the mean number of 
teeth present at two and three years 
of age. 

Ratios were computed to determine 
whether a sex difference in time of 
eruption existed. This ratio was calcu- 
lated by dividing the difference be- 
tween the mean number of teeth 
erupted by the probable error of the 
difference. A ratio of 3.0 or more was 


was not significant, doubtless due in 
part to the fact that 82.2 per cent 
of the boys and 92.9 per cent of the 
girls had 20 teeth erupted. The young- 
est boy with a full complement was 
27 months old and the youngest girl 29 
months old. The oldest boy who had 
less than twenty teeth was 35 months 
old and the oldest girl 37 months old. 
The average age for the 23 boys having 
less than twenty teeth erupted was 
27.78 + 0.63 with a standard deviation 
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of 4.47 months and for the 27 girls 
27.56 + 0.69 with a standard deviation 
of 5.29 months. This difference in the 
age was not significant. 


Supernumerary teeth 


Supernumerary teeth were rarely 
found. Two boys each had an extra 
lateral incisor. No other anomalies in 
number of teeth were noted for the 
entire group. 


Prevalence of cavities 


In calculating the number of cavi- 
ties the total number was considered 
as well as the number of teeth affected. 
This seemed pertinent, since often a 
tooth would have a break in the enamel 
in various parts of it without having a 
continuous defect of the entire surface. 
If only the total number of cavities was 
noted a somewhat spurious idea of 
defects in teeth could be deduced. 
Table 2 is a summary of these data. 

The two- and three-year-old boys 
had a greater average number of teeth 
affected than did the girls, but in the 
three older age groups the reverse was 
true. At no age was the sex difference 
significant. The standard deviations 
were large. The percentage of chil- 
den in each group with no cavities 
indicated that the wide range was 
partly due to the fact that 50 per cent 
of the two- and three-year-old children 
had no cavities and 40 per cent of the 
four- and five-year-old children had 
none. 


Sex differences in numbers of cavities 


The four- and five-year-old groups 
of each sex were then considered to- 
gether to see whether any consistent 
sex difference in number of cavities 
existed. One hundred and nine boys 
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and 107 girls were compared. The 
boys had an average of 4.14 + 0.39 
cavities with a standard deviation of 
5.95 cavities and the girls 4.04 + 0.37 
cavities with a standard deviation of 
5.65 cavities. These figures are a 
rather interesting comment on the very 
bad dental condition found for some 
of these children since 41.3 per cent 
of the boys had no cavities and 40.2 per 
cent of the girls had none. The ratio 


TABLE 3 
Percentage of total cavities located in each 
surface in each age group 





SURFACE 





Distal 


Mesial fringuay Buccal 


Oc- 
clusal 





Boys 





per cent|per cent|per cent) per cent 
22.7 | 18.2 | 50.0 
45.2} 9.6] 29.0 
55.7 | 14.4 | 18.3 
44.3 | 20.1 | 28.4 
54.7 | 26.7 | 16.0 





Girls 





00.0 

5.5 
13.5 
25.4 
28.0 


00.0 
13.9 
12.8 
29.0 
33.3 




















of the difference between the means 
to the probable error of the difference 
again showed no significant sex 
difference. 


Location of cavities 


The location of cavities was next 
considered. The total number of 
cavities in each of the five surfaces of 
the tooth were averaged to see which 
surface was the most frequent site of 
decay. For this summary the incisive 
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surface of the incisors and cuspids were 
called occlusal, and their labial surfaces 
were designated as buccal. The results 
are given in table 3. 


Pye AND Drarn: Dentition of Children 


cavities to distal and mesial was 
slightly greater for girls than for boys. 
The boys had more cavities in the buc- 
cal surface than did the girls. 


TABLE 4 
Mean per cent of cavities according to teeth in each age group 





RIGHT TEETH LEFT TEETH 





First 
molar 


Lateral 
incisor 


Second 
molar 


Central 
incisor 


Central 
incisor 


Lateral 
incisor 


First 
molar 


Second 


Cuspid molar 


Cuspid 





Mean per cent 





Boys—Upper teeth 





8. 
6. 
< f 
6. 
5. 





Boys—lower teeth 





9. 

















Girls—lower teeth 





0.0 
8.3 
13.5 
10.4 

















6.5 




















Cavities were found most frequently 
in the occlusal surface, and next most 
frequently in the mesial and distal 
surfaces. The proportion of occlusal 


The manner in which cavities were 
distributed in the teeth was investi- 
gated also. The molars were most 
often affected. In the small group of 
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two-year-old boys the upper central 
incisors were decayed most frequently, 
but in no other group were these teeth, 
which usually erupt first, the most 
frequent sites for caries. Table 4 
shows their distribution. 


Low attached frenum 


A low attached frenum was not very 
prevalent. Cases were found scat- 
tered throughout all the age groups. 
This condition was present for 13.0 
per cent of the boys and 16.4 per cent 
of the girls. 


Fissures 


Of the boys, 6.5 per cent and of the 
girls, 7.9 per cent had fissured teeth. 
With one exception, the defect always 
occurred in the molars. 


Fillings 

It was interesting to note the reac- 
tion on the part of the parents as to 
defects in the dentition. Usually 
repair of defects was optional with 
them. They were always notified 
immediately regarding the condition 
of the teeth, and urged to visit their 
own dentist. During the third year 
of the survey, an investigation was 
carried out to determine the amount of 
actual repair and prophylactic work 
done. Seventy-seven out of a group 
of 80 children had received adequate 
dental attention. But when the re- 
sults from all four years are estimated 
together, less than one-fifth of the 
cavities were found filled when the 
dental examination was made. Of the 
cavities found 11.1 per cent of those 
of the girls were filled and 16.1 per 
cent of those of the boys. Fillings 
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were noted in the molars a little more 
frequently than in the other teeth. 

These results indicate to us two 
things, namely, the striking need for a 
program of dental health education 
whereby spontaneous parental interest 
in the condition of the child’s decidu- 
ous teeth can be stimulated, and 
second a need for intensive investiga- 
tion on the part of research workers 
into the specific effects of lack of repair 
and care of this denture on the health 
of the child. 


Condition of the mouth of relation to 
cavities 

The general condition of the mouth 
was rated as follows: clean, fairly 
clean, unclean, very unclean. Con- 
sidering all the boys and girls together 
22.4 per cent were rated as having 
clean mouths, 55.1 per cent as fairly 
clean, 21.1 per cent as unclean, and 1.3 
per cent as very unclean. These 
ratings were made according to the 
presence of removable discoloration on 
the teeth, the need for general prophy- 
laxis and the evidence of the kind of 
daily care and attention given to the 
teeth and mouth. 

Finally, those children who had 
more than the average number of 
cavities were selected and their general 
mouth condition studied. This group- 
ing was made by adding to the mean 
number of cavities found for each age 
two probable errors of the mean, in 
order to give a broader interpretation 
than that given by the mean value 
alone. There were 39 girls and 46 
boys of whom 7.1 per cent had clean, 
47.1 per cent fairly clean, 41.1 per cent 
unclean, and 4.7 per cent very unclea 
mouths. 
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It is true that this estimation of 
mouth condition was based upon one 
examination. The evidence points to 
the need for better care of the mouth in 
young children, even if this analogy 
does not present a clearly defined 
relationship between occurrence of 
cavities and general condition of the 
mouth. 


SUMMARY 


Dental examinations were made of 
184 boys and 189 girls ranging in age 
from eighteen months to seventy- 
seven months who were in attendance 
at the preschool laboratories of the 
Iowa Child Welfare Research Station. 
The investigation revealed: 

1. That 40 per cent of the two- and 
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three-year-old children were 27- 
months-old before the first dentition 
was completed. 

2. That there was no sex difference 
in the number of cavities found. 

3. That cavities occurred most fre- 
quently in the occlusal surface of the 
tooth, and next most frequently in the 
mesial. 

4. That the molars had the greatest 
number of cavities and that the upper 
teeth were affected more frequently 
than the lower. 

5. That the relationship between 
general condition of the mouth and 
occurrence of cavities could not be 
clearly demonstrated. 

6. That the need for dental health 
education particularly at this age is 
clearly indicated. 
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A Cold Light for Photographing Infant 
Reactions with the High-Speed 
Motion Picture Camera’ 


Orvis C. Irwin 


tographic studies of the reactions 
of newborn infants with a high 
speed motion picture camera, some 
difficulties in securing adequate illu- 
mination were encountered. A special 


L PROJECTING a series of pho- 


technique had to be devised for this 
work, since the requirements for illu- 
mination are somewhat different from 
those ordinarily used. These require- 
ments are: (1) sufficient intensity at 
high speeds of the camera to photo- 


graph very rapid infant movements, 
(2) absence of heat to avoid burning 
the skin of the infant, (3) elimination 
of rays injurious to the infants’ retinas, 
(4) constancy of illumination for ex- 
tended periods, (5) adaptability to the 
experimental situation (in this case to 
an experimental cabinet). 

After a series of trials it was found 
that incandescent lights using high 
wattage and a special surgical lamp 
failed to meet the requirements. The 
incandescent lights gave off too much 
heat at intensities needed for adequate 
illumination at the high camera speeds. 
The surgical lamp although it was 
equipped with a water cell to absorb 
heat, was too awkard to manipulate 

1 From the Iowa Child Welfare Research 


Station, State University of Iowa, Iowa 
City, Iowa. 


in the cabinet in which the infants are 
photographed. 

A neon light was devised to meet 
the requirements of photographing 
the movements of 
without injury. It 


newborn infants 
consists of two 
neon grids? made of lead glass tubing, 
one of which furnishes the greater a- 
mount of illumination, and a second 
smaller grid which gives enough light 
to eliminate shadows cast by the first. 
The main grid is constructed of 16 feet 
of 10 mm. tubing bent into seven paral- 
ell sections and is mounted on a mirror 
12 inches by 28 inches. It is sus- 
pended at a 45 degree angle by 
adjustable levers 15 inches above and 
to the right of the infant. The second 
grid is made of 12 feet of 8 mm. tubing 
bent into five parallel sections. It is 
mounted on a mirror 9 inches by 28 
inches and is suspended on the left 
side of the infant. Both grids are 
equipped with standard neon sign 
electrodes which are connected at 
opposite corners to the grid in order to 
avoid sparking. The tubes are filled 


2 The feasibility of using the neon grid 
for work with infants was suggested by the 
successful photographic use of a neon time 
light by Dr. Joseph H. Tiffin. Department 
of Psychology, State University of Lowa, 
Iowa City, Iowa. 
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with a gas mixture commercially 
known as Airco B-10 to which mercury 
has been added. The gas pressure 
within the tubes is 10 mm. of mercury. 
The tubing is made of lead glass, a 
Corning Glass Company product 
known as Gl. _ The large grid is opera- 


ted by a 15,000 volt neon sign trans- 
former having a secondary current of 
The smaller grid is 


30 milliamperes. 
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film taken at these rates show the 
degree of clearness of each. The re- 
quirement of a heatless light, so 
important in work with newborns, is 
successfully met by the B-10 mercury 
light. The glass is barely warm to the 
touch and at five inches no heat can be 
felt. The Airco B-10 mixture when 
used without the addition of mercury 
shows a spectrum in which the pre- 
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(a) 


Fig. 1. SHowrne Neon Lieut Grip (No 


operated by an 8,750 volt transformer 
giving a secondary current of 23 mil- 
liamperes. The accompanying photo- 
graph shows the illuminated grid. 
The illumination provided by this 
light is sufficient to take motion pic- 
tures at the rate of 32, 52, or 72 pic- 
tures per second of infant reactions 
too rapid in their motion to be followed 
by the eye. The appended samples of 





.3) INSTALLED IN EXPERIMENTAL CABINET 


dominating lines are those of argon. 
The emission under these circumstan- 
ces will be comparatively little in the 
ultra-violet region. If the mixture is 
used with mercury, the mercury lines 
will predominate in the spectrum, 
showing some radiation in the ultra- 
violet region. However, the use of a 
high grade of lead glass in the tubing 
insures the elimination of injurious 
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ultra-violet radiation. The constancy the voltages indicated, flicker is elimi- 
of illumination, it was found, depends nated. The grids as designed can be 


KEEKEK 








Fig. 2, ENLARGEMENTS OF Fit: (a) 32 Pictures PER SEeconp; (b) 52 PicrurEs 
PER SECOND; (c) 72 PicTuRES PER SECOND 


upon the length and size of the tubes, installed and easily manipulated in a 
and upon the voltages impressed on limited space such as is afforded by the 
the electrodes. With transformers of experimental cabinet. 
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The Effects of Practice in Tracing the Porteus 
Diamond Maze* 


HIS study is concerned with the 

effects of specific practice upon the 
ability of young children to trace the 
Porteus Diamond Maze. The sub- 
jects were 24 children ages 24 to 40 
months in attendance at the Washing- 
ton Child Research Center. They 
were first given an initial test on the 
maze consisting of 2 trials with each 
hand. The performance was scored 
by a method similar to that reported 
by Baldwin and Stecher (1). A dia- 
mond model of isinglass divided into 44 
equal segments was superimposed upon 
the child’s traced diamond. For every 
segment in which the child’s line left 
the maze one point was deducted trom 
the maximum score of 44. On the 
basis of the average of the two scores 
with the preferred hand (the hand with 
which the best score was made) two 
groups of children were formed, so that 
the mean score of each group was 23.0 
and the standard deviation 15.1. The 
two groups were also made approxi- 
mately equal in average age and age 
distributions. 

The 12 children in the practice group 
repeated the test (a test consisting of 2 
trials with the preferred hand only) 7 
times. On account of absences not all 
tests could be given at exact intervals, 
but in general a weekly interval was 


* From the Washington Child Research 
Center. 


maintained. Both groups were then 
given 2 end tests on the maze. The 
first end test was the same as the initial 
test—2 trials with each hand—while 
the second consisted of 2 trials with the 
preferred hand. This gave the prac- 
tice group a total of 20 tracings with 
the preferred hand and 4 with the 
non-preferred. The control groups 
traced the maze 6 times with the pre- 
ferred hand and 4 times with the non- 
preferred. 

The instructions to the child in each 
case were ‘‘See, here isa game. Wego 
around this road trying to stay inside 
these two black lines. Be just as care- 
ful as you can.” The experimenter 
drew around the maze as the instruc- 
tions were given and the child was then 
given an unmarked copy. For the 
second trial on each practice period the 
experimenter merely presented the 
child with a new maze and said: ‘‘Go 
around the road and try to stay inside 
the two black lines.” The children 
were coéperative and responsive. As 
far as could be determined by observa- 
tion the children in the practice group 
continued throughout the experiment 
to look upon the maze tracing as a 
game which they enjoyed playing. 


RESULTS 


Table 1 and figure 1 show that both 
the practice and control groups made 
156 
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large gains in average scores. The 
average score of each group on the 
initial test was 23.0. On the first end 
test the average score of the practice 
group was 30.2, a gain of 7.2. The 
average for the control group on the 
came test was 31.1, a gain of 8.1. The 
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gains of each group are large, however, 
and so consistent for individuals— 
20 children gained on the first end test, 
3 retained a zero score and 1 scored 
lower than on the initial test—that 
they may reasonably be considered as 
significant gains. The indication of 


TABLE 1 
Average scores on Porteus Diamond Maze 














GROUP I 1 2 3 4 5 6 7 E-1 | E-2 
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Fig. 1. AverAGE Scores oN Portevus Diamond Maze 





Practice group 


control group therefore gained 0.8 more 
than the practice group on the first 
end test. On the second end test the 
score of the control group surpassed 
that of the practice group by 0.3. 
These small differences between the 
two groups are not significant. The 


5 6 FH eM 


, control group ---------- 


these results is that the specific prac- 
tice of the amount and kind given the 
practice group did not result in a sig- 
nificantly greater increase in skill than 
the increase found in the control group. 
The large increase in skill in both 
groups may be attributed mainly to 
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factors such as structural maturation 
and general practice. These results 
are in accord with the findings of 2 
experiments previously reported (2, 
3). 

Each child traced the maze twice 
during each test period. The effects 
of practice within these test periods 
was found by comparing the average 
score for the first trial on all tests with 
a similar average for the second trial. 
The average of all first trials was 27.6 
and of all second trials 28.3. The 
difference of 0.7 in favor of the second 
trial is an indication that the children 
did slightly better on the second of 2 
successive trials. 

Table 2 shows that the difference 
between the average scores with the 
preferred and non-preferred hands on 
the initial test was 3.2 for the practice 
group and 6.0 for the control. On the 
end test this difference was 12.0 for the 
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TABLE 2 
Average scores on Porteus Diamond Maze 
with preferred and non-preferred hands 











INITIAL TEST END TEST 
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GROUP 3 E @ 3 E 2 
£12./ 2/2/21: 
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Practice....... 23 .0)19.8) 3.2/30.3]18.3]12.0 
Control........ 23.0}17.0} 6.0)31.1/22.6) 8.5 
| PRR Bee. 23 .0|18.4| 4.6/30.7/20.5]10.2 























practice group and 8.5 for the control. 
For the combined groups the difference 
in scores on the two hands was 4.6 on 
the initial test and 10.2 on the first end 
test. The difference in skill between 
the preferred and non-preferred hands 
thus increased markedly over the 
period of time covered by this study. 

J. ALLAN Hicks, 

Dorotuy W. Rapa. 
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Child Development, 


Development of an Infant in Grasping, Reaching and 
Body Movements 


AY 1. At two hours, grasping 
reflex strong when palm of hands 
touched. 10. Grasping reflex less 
strong. 71. Grasps ribbon hung across 
crib, sometimes with thumb opposed. 
At times grasps rattle fastened to rib- 
bon. Holds rattle with right hand, by 


its ring, and shakes at times. 78. 
Grasps rattle with one or both hands, 
thumb opposed. Uses right hand 
especially. 104. Grasps spoon with left 
hand (nearest hand) and cup with right 
(nearest), when fed orange juice. 124. 


Takes hold of breast and pulls to 
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mouth. 147. Picks up toys seen, or 
felt in fumbling. Thumb opposed to 
fingers. Not always successful at first 
trial. Takes hold of spoon when fed 
orange juice or water; guides to mouth 
with one or both hands. 169. Reaches 
with both hands toward toys, dishes, 
etc. If one hits hand, closes fingers of 
both hands. Often in awkward posi- 
tion, such as object between two fin- 
gers. 176. Reaches for objects as small 
as a bead one third inch in diameter. 
Picks up by pushing fingers against 
palm. 


ARM AND REACHING MOVEMENTS 


Day 1. Yawn twenty minutes after 
birth, with stretching of arms. Ran- 
dom arm movements. 10. Stretches 
both hands above head. 15. Vigorous 
arm movements during bath. 19. Feel 
breast and clothing with fingers and 
palm. Sometimes one hand, usually 
both. 21. Lying awake, threw arms 
about. 24. Hands often together, fin- 
gers intertwined or one hand over other 
fist. 25. Hands clutch bedclothes, 
mother’s dress, etc. Pull. 27. Rash 
on face. Throws arms about but sel- 
dom hits face. When strikes it, rubs 
with fists. 30. Reached for spoon 
several times, random fashion. 31. 
Hands usually outspread, held up over 
head when sleeping. 32. Definitely 
brings fist tu mouth. 34. Pulls covers 
over face and sometimes cries when 
covered. 36. Hands pushed away 
bottle after “trial and error.” 42. 
Uses hands at random, but right with 
greater force. Pushes bottle away. 
45. Fewer random movements. 50. 
Reached toward towel. Pulled over 
face. Once reached toward white tub 
and smiled. Fumbles at breast and 





159 


clothes of mother during nursing. 
Pushes spoon away with hand on side 
from which spoon given, other hand at 
same time motionless or in less motion. 
59. Uses hands constantly when awake, 
especially pulling at bedclothes. 
Pushes down with hands when turned 
onstomach. Rubs eyes at times when 
sleepy. Both fists or one. Usually 
both arms moving. 64. When wakes 
in morning, is very quick in movements 
of arms. 71. When rattle suspended 
before baby, movements toward it 
random. 78. Rattles rattle much of 
waking time, usually by thrashing arms 
but sometimes by grasping rattle. 92. 
Plays with rattle, handles spoon and 
other objects with both hands, co- 
érdinated movement though uncer- 
tain aim. Reaches for mother’s glasses 
and pulls off. Much random thrashing 
present also. At times, splashes in 
tub. 99. Feels one hand with other. 
104. Reaches toward objects: rattle, 
doll, bathtub, and toilet articles, crib- 
cover clamps, blankets. Sometimes 
reaches for breast and pulls toward 
mouth. Both hands used. Holds 
armsacross shoulders of person carry- 
ing. Rubbed ear after it was cleaned, 
with hand on that side. Hand carried 
directly to ear without preceding false 
movements. Mother’s hand pushed 
away with both hands on second 
attempt to cleanse eyes with boric acid. 
120. Reaches for toes. Wiggles them 
and watches, especially in bath. 124. 
Crackles paper in two hands, pulls to 
mouth. Pushes spoon away when 
orange juice given. 135. Reaches 
rather aimlessly still, but less so with 
time. 140. Transferred rattle from one 
hand to other with dexterity. 147. 


Holds toys, celluloid or soft cloth, and 
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crinkles and tears paper. 156. In 
reaching, aim rather direct but not al- 
ways certain. Plays with aluminum 
dish cover. Pulled off cap today. 
Often pulls at head when cap on. 
Pulls off stockings and mittens. 
Throws right arm about in a circle. 
168. Holds toy in one hand and reaches 
with other for another object. But 
tendency for hand holding toy to reach 
out too. 169.Given spoon, pounded on 
table. Dropped. Fretted and leaned 
over toward place where dropped. 
Mother handed back spoon and baby 
threw it and laughed. 176. Throws 
rattle on floor from crib but never 
throws other toys. Sometimes drops 
them. Holds two toys, one in each 
hand, but if holding one, drops it to get 
another held out to her. 


BODY MOVEMENTS 


Hitching and crawling 


Day 59. When turned on stomach, 
position almost as if creeping. 104. 
Hitches up in crib until head hits top, 
when lying on back. Even more 
marked in carriage, where baby can 
push with bottom of feet. 124. Pushed 
across table one foot, toward milk 
bottle, and tipped over bottle. Whole 
body pushed sidewise, lying on back. 
156. Crude creeping position when 
placed on stomach. On back, hitches 
shoulders and hips and moves back- 
ward quite fast. 
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Sitting 

Day 92. In tub, pushes with feet 
until almost sitting up. Pushes same 
way in mother’s lap until sitting, sup- 
ported at back. Scarcely needs sup- 
port. 107. Sat up in bathtub, holding 
on sides with two hands. Sat up when 
weighed for brief time. Then mother 
put in crib with pillows around, and 
baby sat up five minutes playing with 
toys and laughing. 113. Sits up more, 
supported by arm or pillows. 126. 
preference for sitting position, in car- 
riage or lap. Propped up in carriage, 
suddenly sat upright without support, 
reached forward for toes, then lost 
balance and fell forward. Caught by 
mother. 135. Sat one half minute 
without support. 140. Sits up sud- 
denly in carriage when propped in 
semi-sitting position. Can sit alone, 
but mother props with pillows for 
safety. Cannot sit up when put down 
on back, but raises head and feet. 156. 
sits alone, leans forward for toys and 
pushes back up. But when falls to 
side, frets to be helped up. Often 
drops forward, leaning on hands. 


Turning 


Day 59. Turns over from side to 
back, and sometimes all the way over. 
64. Turns from side to side, or to back 
during sleep. 166. Turns completely 
over when on hard surface. Throws 
body in direction of object reached, 
when reaching, without regard for 
balance. 

FLORENCE Woo.tsry Hazzarp. 
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Tower Building 


HE cubes ordinarily used in tests 

of tower building are fairly large. 
For a more precise measurement of the 
child’s ability to build towers the one- 
half inch cubes and cylinders included 
in Mrs. Hailmann’s Beads No. 470 of 
Bradley’s Kindergarten Material were 
used. 

The child was seated at a small table 
upon which the blocks to be used were 
placed. He was told to build a tower 
as high as he could. The observer 
demonstrated the building then placed 
the blocks back in the group. Ifthe 
child stopped after a few blocks were 
placed he was encouraged to put other 
blocks on. A record was kept of the 
time taken for the building and of the 
number of blocks placed. The cubes 
were presented first. After a brief 
interval for changing blocks the cylin- 
ders were presented. This procedure 
was repeated after an interval of a 
month. The reactors included 25 
children ranging in age from twenty- 
nine to sixty-one months, and 9 adults 
who were graduate students. 

In table 1 the scores are given for the 
number of blocks placed and for the 
time required in the placing. The 
largest number of cubes placed by an 
adult was 12 but one child succeeded 
with 13 cubes. No adult placed fewer 
than 10 cubes and 2 of the youngest 
children succeeded in placing only 4 
cubes. This wide range of placements 
for the children gives them an average 
of 8.2 cubes placed in comparison with 


11.4foradults. The time required is a 
function of the number placed though 
wide differences in time required for 
the same number of blocks are found. 
The range of time scores for adults is 
from 18 seconds for 10 cubes to 41 
seconds for 12 cubes; for children from 
7.4 seconds for 4 cubes to 178 seconds 
for 13 cubes. Despite three long time 
scores the children show an average 
time of 38.1 seconds to be compared 
with 27.3 seconds for adults. 

The cylinders offered greater diffi- 
culty to both groups. The ability of 
the children in number of cylinders 
placed and in time required approaches 
more closely the adult performance 
than with the cubes. 

The second trials by the children 
show an improvement in the time 
required for the cubes but approxi- 
mately the same average for number 
placed. For the cylinders the time 
required is slightly longer than on first 
trail and the average for placements is 
slightly higher. 

It would seem advantageous for the 
differentiation of abilities of children 
that the larger blocks frequently used 
in mental measurements of children 
under 6 years of age should be replaced 
by smaller ones. The limitation of 
the number to be placed to less than 10 
does not offer an opportunity to the 
child of superior skill to display his 
abilities. 

Burorp JOHNSON, 
Dorotuy Moors Courtney. 
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TABLE 1 


Tower building 





CHRONOLOGICAL AGE 


TRIAL 1 





Years Months 


Cylinders 


Cylinders 





Number 


Time 


Number 
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